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Abstract 
 
Long-haul crew experience regular misalignment of the circadian rhythm causing several jet 
lag symptoms. However, it is unclear whether melatonin acrophase shifts post-trip relate to 
perceived jet lag. In addition, the role of psycho-behavioural variables on the relationship 
between subjective and objectively measured jet lag and fatigue are largely ignored. Further, 
recent research indicates that the timing of meals may help reduce jet lag symptoms on days 
off. The overall aim of the thesis was to give a comprehensive account of jet lag in long-haul 
cabin crew in terms of the relationship between bio measures and symptom perception. Four 
studies were undertaken. In Study 1 (longitudinal), 35 long-haul crew completed measures of 
circadian preference, coping, stress arousal, objective sleep parameters and subjective jet lag. 
The results found that i) symptoms of jet lag were worse on the day crew returned home and 
ii) perceived lower appetite than normal and restless sleep (objective) predicted subjective jet 
lag. In Study 2 (longitudinal, N = 28), circadian phase [melatonin acrophase (peak time)] was 
also measured. The results found a discrepancy between subjective jet lag change scores and 
circadian phase change post-flight predicted by perceived lower appetite than normal. In 
Study 3 (cross-sectional), 95 crew completed measures of illness cognitions, coping, social 
support, pre-work strategies, subjective jet lag and fatigue. Timeline predicted subjective jet 
lag, consequences predicted subjective fatigue whereas a reduction in multidimensional jet 
lag was predicted by increased social support. In Study 4 (randomized controlled trial, N = 
60), half the participants formed an implementation intention to eat regular meals on days off 
(intervention) and half did not (control). Pre-intervention measurements were taken at 
baseline and post-intervention measures on the second recovery day. Formation of an 
implementation intention to eat regularly resulted in a reduction of jet lag (unidimensional) 
but not multidimensional jet lag and objective alertness (PVT). These findings demonstrate 
that jet lag is in part a psycho-social construct, not just a biological one, which is influenced 
by sense making and can be moderated through diet. The results have important practical and 
theoretical implications.  
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CHAPTER 1: INTRODUCTION 
 
1.0 Overview 
Jet lag or Rapid Time Zone Change Syndrome refers to a group of negative symptoms 
experienced after long-distance travel. Upon arrival at destination, abrupt changes to 
environmental cues such as daylight, meal times and sleep schedules can cause internal 
desynchrony, when biological and behavioural rhythms that follow a 24-hour cycle (circadian 
= „about a day‟) become uncoupled or external desynchrony, when the body clock is out of 
phase with the external world (Atkinson, 2013). Given the exposure to chronic circadian 
disruption, jet lag is common in long-haul cabin crew and is linked to different health 
problems (e.g. Sharma & Shrivastava, 2004). This thesis will focus on the biological and the 
psychological nature of this disruption as a means to offer a comprehensive account of jet lag 
in long-haul cabin crew. Previous research in the area of circadian rhythms has focused on 
physical and medical explanations of jet lag, considering the role of psychological factors 
only as consequences rather than causes. This thesis will therefore explore the relationship 
between subjective jet lag and circadian disruption and its predictors among established (e.g. 
age, circadian preference, flight scheduling) and potential (e.g. symptom perception, coping) 
risk factors. It will also assess the role of illness beliefs about jet lag in order to explain the 
variability that may exist between subjective jet lag and circadian disruption. Finally, this 
thesis will investigate the role of diet in improving jet lag which reflects a wealth of evidence 
about the deleterious effects of recurrent eating out of circadian phase for metabolic rhythms 
(Buxton et al., 2012) and the risk of developing metabolic syndrome.   
 
Section 1.1 introduces the topic of disruption associated with jet lag amongst long-haul cabin 
crew and its implications for wellbeing. It describes the challenges of researching such a 
topic given the complex and demanding nature of the role of cabin crew as well as theoretical 
and methodological considerations (in Sections 1.2 and 1.3).  Section 1.4 focuses on the 
established risk factors for jet lag and potential psycho-behavioural mediators of jet lag 
whereas Section 1.5 describes the use of conventional jet lag and fatigue countermeasures 
aimed at maintaining alertness in long-haul operations and the scope for using psychological 
countermeasures to manage jet lag and fatigue in long-haul cabin crew. Section 1.6 then 
describes the structure of the thesis. 
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1.1 Jet Lag and Wellbeing 
Following transmeridian flight, cabin crew experience disturbance to their body clock 
suprachiasmatic nuclei (SCN) located in the brain which is often referred to as jet lag. Jet 
lag is a general malaise caused by rapid travel across multiple time zones which results in a 
desynchrony of an individual‟s endogenous circadian rhythms (e.g. sleep/wake cycle) and the 
external world (e.g. time cues in new time zone, Pressman & Orr, 1997). Other agents such as 
a change in meal times, physical and social activities contribute to the disruption of the body 
clock. Previous research has found a relationship between disrupted circadian rhythm 
following transmeridian flying and impairment of physical and psychological health (Arendt, 
Stone & Skene, 2000). Jet lag symptoms include disturbed night-time sleep, daytime fatigue, 
impaired performance, moodiness, loss of appetite, gastrointestinal problems and 
inappropriate time of defecation (Waterhouse et al., 2000, Sharma & Shrivastava, 2004). 
Among jet lag symptoms, sleep loss, difficulty initiating and maintaining sleep and daytime 
sleepiness are the major problems in civil aviation as a result of sleep and work periods 
conflicting with circadian rhythms (Lowden & Akerstedt, 1999, Waterhouse, Reilly, 
Atkinson & Edwards, 2007, Griffiths, & Powell, 2012). This is because, long-haul cabin crew 
are usually required to work at a phase in the circadian cycle when they would normally be 
asleep and to obtain sleep at a phase in the circadian cycle when they would be active in the 
home time zone. Cumulative sleep debt (e.g. five hours of sleep per night for more than five 
nights) can  lead to task performance decrements (Buysse et al., 2003) and increased rates of 
accidents and long-haul cabin crew are almost three times more likely to have accidents than 
short and medium-haul cabin crew (Graeber, 1988). Thus, sleep performance and alertness 
have an important role in the physical and psychological well-being of cabin crew and for the 
safe operation of airlines.  
 
Circadian disruption can also result in additional health problems such as an increased risk of 
developing diabetes and obesity due to changes in metabolism (Buxton et al., 2012), and 
cardiovascular disease as blood pressure and the pulse follow the circadian rhythm (Sharma 
& Schrivastava, 2004). Breast cancer is also high in female cabin crew possibly due to other 
contributing factors, such as increased exposure to ionizing radiation and non-occupational 
factors such as delayed parity, tobacco, and alcohol consumption (Griffiths et al., 2012). 
Cabin crew‟s mental health is also affected by circadian disruption. Depression and anxiety 
are also common amongst cabin crew (Sharma & Shrivastava, 2004; McNeely et al, 2014) 
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and one study found suicide and alcoholism to be respectively 1.5 and 2.5 times higher in 
cabin crew than in the general population (The National Institute for Occupational Safety and 
Health, 2012). Despite lower levels of smoking, McNeely et al. (2014) found that the 
prevalence of chronic bronchitis was three times greater in cabin crew than in the general 
population. After adjusting for age, gender, body mass index (BMI) education and smoking, 
health conditions such as chronic bronchitis, skin cancer, hearing loss, heart disease, 
depression and anxiety increased with length of service (McNeely et al., 2014).  
 
1.2 The Complex Nature of Long-Haul Flying  
Jet lag, sleep disruption and fatigue are the main effects of transmeridian flying. However, 
these effects are exacerbated by scheduling and associated non-duty factors. Scheduling 
factors include night flying, early starts, extended hours, rotating and unpredictable (e.g. 
through adverse weather, air traffic delays) work schedules and the type or lack of rest/nap 
during working hours.  Although the role of cabin crew is highly regulated (e.g. by duty and 
flight time limitations scheme, Civil Aviation Authority, 2004) and therefore schedules are 
designed to avoid operational fatigue, non duty factors such as long commutes from home to 
work may combine with long duty days to increase fatigue and circadian disruption by 
limiting the opportunity for sleep and recreation during time off. A number of other potential 
environmental and psychosocial stressors have been identified such as noise, vibration, air 
contamination, difficult passengers, work related injuries (related to cabin service and 
unexpected turbulence), isolation, interaction with ever changing work colleagues and home-
work imbalance (Eriksen, 2006).  
 
1.2.1 Fatigue, Sleepiness, Tiredness and Jet Lag  
Although related, it is also important to distinguish between the experience of fatigue, 
tiredness, sleepiness and jet lag following transmeridian travel because of different 
implications for recovery. To increase the complexity, there is lack of consensus about a clear 
definition of fatigue in the literature which has led to terms such as tiredness, sleepiness and 
fatigue being used interchangeably in clinical and research settings (Dinges 1994; Shen, 
Barbera, & Shapiro, 2006; Olson, 2007). Fatigue in long-haul operations can be described as 
deterioration of mental and physical performance due to prolonged work (e.g. extended 
hours) and sleep disruption. The causes of fatigue could also be pathological (e.g. adaptive 
response to infections), psychological (e.g. burnout) and due to trauma or injury (Buysse et 
al., 2003). It is the signal from the body that physical, mental activity or being awake should 
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stop (Axelsson, Akerstedt, Kecklund, & Lowden, 2004). On the other hand, sleepiness can be 
described as the drive for sleep and as an aspect of fatigue. Sleep is a physiological need like 
hunger and thirst. In long-haul operations, sleepiness may be affected by several factors 
including increasing time since sleep, sleep debt and circadian displacement of waking 
(Buysse et al., 2003). Other causes include pathology of sleep (e.g. obstructive sleep apnea), 
pathology of waking (narcolepsy) and sedation (Buysse et al., 2003). However, in clinical 
settings, fatigue is seen as a multidimensional concept (Chalder et al., 1993) which comprises 
several dimensions of which tiredness is one aspect. According to Olson (2007) the 
difference between tiredness and fatigue can be explained in terms of six domains: sleep 
quality, cognition, stamina, emotional reactivity, control over body processes and social 
interaction. Unlike individuals affected by fatigue, tired individuals feel rested after sleep and 
experience lack of energy in proportion to energy expended. Further, tired individuals are 
impatient and forgetful but not anxious and unable to concentrate without change in social 
interaction, or decreased control over body processes. Moreover, sleepiness, tiredness and 
fatigue are qualitatively different from jet lag which is characterised by a feeling of being 
„out of sorts‟ when the circadian rhythms (e.g. sleep/wake; feeding/fasting) are out of phase 
with the light/dark cycle in a new environment or when different biological rhythms are out 
of synchrony with each other as a result of rapid travel across time zones. As the body may 
not adjust quickly to this rapid change, some symptoms may be experienced (Section 1.1) and 
the difference between fatigue, sleepiness and jet lag may be more evident. For example, an 
individual can be fatigued and/or jet lagged without actually being sleepy. Jet lag usually 
requires three or more time zones to be crossed rapidly (Atkinson, 2013) although there are 
individual differences in tolerance to circadian disruption so that some individuals may be 
susceptible to even an hour time change. A final consideration is the difference between the 
experience of travel fatigue and jet lag following occasional travel and repeated 
transmeriadian travel typical of long-haul cabin crew. Unlike occasional travel, repeated 
long-distance travel exposes crew members to chronic levels of jet lag and fatigue 
(Waterhouse et al, 2007) with its associated long term health problems (Section 1.1).  
 
1.3 Objective Versus Subjective Jet Lag 
Defining jet lag and fatigue accurately has important implications for how they are 
researched. In the area of circadian rhythms, research seems to use either objective markers 
of the body clock (SCN controls different physiological rhythms) such as body core 
temperature (BCT) and melatonin or subjective measures (e.g. sleep diary, jet lag 
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questionnaire) reflecting the notion that jet lag is regarded as a physiological condition whose 
effects may be accessed objectively by measuring a biological rhythm or subjectively through 
the use of questionnaires. In line with much research within a health psychology perspective 
(Pennebaker, 1982; Gijsbers van Wijk, & Kolk, 1997; Rief & Broadbent, 2007), illness is not 
just the product of pathological processes as separate from the psychosocial dimension of a 
condition (e.g. beliefs about illness). To challenge the mind-body split, objective and 
subjective measurements of jet lag may be integrated to explore the relationship between the 
physiological and psychological dimensions of circadian disruption as well as to examine the 
extent to which psycho-behavioural variables identified in the literature predict this 
relationship (Section 1.4). 
 
1.3.1 Adjustment Rates of Jet Lag Symptoms 
Circadian rhythms are maintained through the interplay of endogenous factors (body clock) 
and exogenous factors (behavioural factors such as sleep performance and feeding 
behaviour). Melatonin is considered the gold standard in field studies as it has small 
exogenous component therefore is a reliable measurement of circadian phase (e.g. the 
temporal displacement of the endogenous body clock, Arendt, 2005). It is thought that the 
body clock shifts on average one hour per day (Aschoff, 1951) and the assumption in much 
research is that subjective symptoms of jet lag adjust at different rates following circadian 
disruption and readjustment as they reflect different aspects of the circadian rhythm (e.g. 
sleep/wake, feed/fasting, alertness) with varying degree of exogenous/endogenous 
components (Waterhouse et al., 2007). Furthermore, jet lag symptoms may themselves have a 
circadian rhythm and therefore change during the day (Waterhouse et al., 2000). A more 
recent development is the notion of a desynchrony between peripheral clocks (in different 
organs such as the liver, lungs, stomach and different tissues) and the master oscillators (SCN 
located in the brain) following rapid travel across time zones (Reddy et al., 2005) which may 
also explain why subjective symptoms of jet lag adjust at different rates.   
 
1.4 Established and Potential Risk Factors in Jet Lag 
Established risk factors for jet lag include circadian preference (e.g. morningness-
eveningness), age, gender, the number of flight zones crossed and to some extent direction of 
travel and the individual tolerance to shift work (e.g. flexibility of sleeping habits and ability 
to overcome drowsiness, Roach et al., 2002). Among the established behavioural factors 
affecting jet lag, light exposure/avoidance is the most influential as the light/darkness 
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synchronises the body clock to a 24-hour cycle (Arendt, 2009).  Sleep performance 
(Waterhouse et al., 2000; Arendt et al., 2000) and sleep times also provide important cues for 
the synchronization of the circadian rhythm to the environment and can therefore affect jet 
lag.  
 
1.4.1 Potential Behavioural Risk Factors in Jet Lag 
However, there is a wealth of evidence in animal studies suggesting that food intake affects 
circadian rhythms through peripheral oscillators which seem to be set by non-photic stimuli 
such as the timing of food consumption (Mendoza, Graff, Dardente, & Challet, 2005; Fuller, 
Lu & Saper, 2009). For example, circadian gene expression in the mouse liver and 
gastrointestinal tract is highly sensitive to the timing of food intake (Hatori et al., 2012). In 
addition, animals with a lesioned SCN have been shown to get back into a rhythm by feeding 
schedules (Hoogerwerf et al., 2007). The implication is that in humans this evidence may 
help explain the incidence of gastrointestinal problems, obesity and diabetes found in shift 
workers and long-haul cabin crew. Researchers (e.g. Buxton et al., 2012) speculate that 
feeding during normal sleeping periods results in an uncoupling of the SCN and the 
peripheral clocks due to contrasting signals with potential adverse effects on metabolism.  In 
rodents, light tells the SCN it is time to sleep and burn lipids while food signals the peripheral 
clocks that it is time to be active and store fat. Mice with this desynchrony appear ill and are 
not as active compared to those with synchronous cycles. Some studies in humans 
(Waterhouse et al., 2000; 2004; 2005a) carried out in the field and in the lab to replicate time-
zone transitions and desynchrony of circadian rhythms (e.g. sleep/wake and BCT) have found 
that patterns of food intake and subjective responses to it (appetite, enjoyment and satiety) 
were altered following time-zone transitions and that these relate to assessments of jet lag 
which in turn is related to the incident of indigestion. Attitudes to meals recovered after three 
days but jet lag and indigestion persisted.  Furthermore, in a forced desynchrony study in the 
lab (imposed 28-hour day), Waterhouse et al. (2004) showed that food intake such as the type 
of meal eaten (breakfast, lunch and dinner), subjective responses (hunger, enjoyment and 
satiety) and the reason for eating or not eating (e.g. lack of appetite) had a weak endogenous 
component that could be attributed to the different phases of the body clock (falling, low, 
rising and peak). In contrast, eating habits were related to changes in the imposed wake times. 
This study demonstrated that adjusting to local time in terms of changing one‟s sleep 
schedules has important implications for a change in temporal food intake with subsequent 
negative effects of contrasting signals to the circadian system (potential desynchrony of 
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peripheral oscillators and SCN). Recent evidence that time of day has important health 
implications for humans came from a study that showed food timing affected successful 
weight loss (Garaulet et al., 2013) and reduced jet lag symptoms in military personnel 
deployed across several time zones (Reynolds & Montgomery, 2002).  Taken together these 
findings suggest eating in phase with the circadian cycle has important implications for 
maintaining health.  
 
1.4.2 Potential Psycho-social Risk Factors in Jet Lag 
Although these are all important risk factors for jet lag, they provide an incomplete account 
of the causes of jet lag. Several studies have shown a psycho-social component of jet lag (e.g. 
incidence of depression, suicide, alcoholism, cabin crew work stress, (Bor & Hubbard, 2006; 
Eriksen, 2006). As the Self-Regulatory Model (SRM, Leventhal, Meyer & Nerenz, 1980) 
implies, following an illness, the self is driven to maintain a normal state („healthy self‟) in 
three stages: making sense of the problem, coping and appraisal. Even though jet lag is not 
an illness it can be considered as a chronic condition in long-haul operations and SRM could 
be applied for a better understanding of jet lag amongst long-haul cabin crew. Through 
experience of the role (symptom perception) and experience of others such as colleagues, 
family and friends (social messages) crew may form a cognitive representation of jet lag in 
terms of its identity, cause, consequences, time line and cure/control. Symptom perception 
may also affect changes in their emotional state (e.g. anxiety because of the negative 
consequences on home-life imbalance, Eriksen, 2006). As a result, crew will use suitable 
coping mechanisms to return to „normality‟ and appraise the effectiveness of their coping 
strategy. Indeed, evidence suggests that adaptation to several chronic illnesses (e.g. Chronic 
Fatigue Syndrome and diabetes, Hagger & Orbell, 2003) is influenced by illness perceptions 
and coping. In addition, there is evidence that social factors such as social support may help 
reduce jet lag symptoms (Henderson & Burt, 1998; Eriksen, 2006). For example, Henderson 
and Burt (1998) found that amongst 22 nurse shift workers, those who adopted socialising 
strategies (successfully structuring family and social interactions around shift work) rated 
themselves more positively in relation to psychological wellbeing, sleep quality, shift work 
satisfaction and social life satisfaction. Therefore, coping and social support may also affect 
the experience of jet lag in long-haul cabin crew. 
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1.5 Jet Lag and Fatigue Countermeasures 
Circadian readjustment occurs at a rate of 1 to 1.5 days per each time zone depending on the 
direction of travel (Aschoff, 1951) and different symptoms (e.g. fatigue, sleep performance, 
attitudes to meals, mood/cognitive performance) have been shown to readjust at different 
rates (Waterhouse et al., 2000; 2002) after a long-haul flight.  As the circadian clock is reset 
by light (Section 1.1), most of the advice on dealing with jet lag rests on exposure/avoidance 
to light at appropriate times (e.g. pre-travel strategies and managing sleep in the occasional 
traveller and in cabin crew (Waterhouse et al., 2007; Arendt et al., 2000). However, speeding 
adjustment rates to a new time zone by light requires knowledge of the phase of the body 
clock, which is difficult to estimate in cabin crew because they are potentially affected by 
chronic jet lag (altered body clock phase). Given the safety implications, it is not surprising 
that most of the advice for cabin crew is aimed at maintaining alertness through adopting 
sleep strategies that minimise sleep loss before and after their trips (McCallum, Sanquist, 
Mitler, & Krueger, 2003). There is also an argument for staying in the home time zone during 
layover (e.g. less than 48/72 hours, Lowden & Akerstedt, 1998; Atkinson, 2013) and some 
airlines provide advice cards regarding minimizing adjustment to local time which relate to 
the time zone change and the length of the layover (described in further detail in Chapter 2).  
With regard to medication, flight and cabin crew are not allowed to take melatonin on duty in 
the UK because of the unpredictable impact it has on alertness and therefore safety (CAA 
rule). Sleeping pills can be used to promote sleep but they tend to be a short-term solution 
and also require a prescription.  However, there is new evidence in support of dietary changes 
to minimize jet lag from animal and human studies (Section 1.4.2). In humans, one study 
found a link between dietary change (e.g. the Argonne diet: alternate days of fasting and 
feeding and protein and carbohydrates, Reynolds & Montgomery, 2002) and reduction of 
subjective jet lag symptoms. However, this regimen may be too restrictive and impractical to 
implement in the life style of cabin crew. Nevertheless, such new evidence points to some 
alternative and or supplementing ways to ameliorate jet lag in long-haul cabin crew.  
 
1.6 Thesis Structure 
The literature review in Chapter 2 describes what jet lag is, how it is measured and its 
consequences in the general population and long-haul crew (chronic jet lag). It also describes 
the biological, behavioural and psychological causes of jet lag. Leventhal‟s Self Regulatory 
model (1980) is then outlined and applied to the evidence reviewed on the psychological 
dimension of jet lag in order to make sense of it in terms of its process. Chapter 2 then 
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discusses established and new jet lag interventions and their implications. Chapters 3, 4, 5 
and 6 are the experimental chapters while Chapter 7 provides a general discussion of the 
findings of the thesis, methodological limitations and implications for theory, research and 
practice. 
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CHAPTER 2: LITERATURE REVIEW 
BIOLOGICAL, BEHAVIOURAL AND PSYCHO-SOCIAL PREDICTORS OF JET 
LAG 
 
2.0 Overview 
Chapter 2 describes what jet lag is and how it is measured (self-report and bio measures). It 
explores the biological basis of circadian rhythms and reviews the causes of circadian 
misalignment in terms of changes to light exposure and sleep schedules. The effects of jet lag 
in long-haul cabin crew are then discussed with a focus on sleep disruption, impaired 
cognition and altered food intake. The latter is then discussed in more detail in relation to the 
impact of temporal food for resetting the circadian system. To this end, evidence from studies 
conducted in animals and humans is reviewed. Individual differences in tolerance to jet lag 
are then examined in the context of biological and psychological factors such as coping, 
stress arousal, social support and illness cognitions. Specifically, the role of illness cognitions 
are discussed in the context of Leventhal‟s Self Regulatory model (Leventhal et al., 1980). 
Traditional and new countermeasures to alleviate jet lag are assessed with a particular 
emphasis on timed food for improving circadian misalignment and subjectively measured jet 
lag. This is explored in the context of implementation intentions. The last section of the 
present chapter relates to the specific aims of the thesis for each of the four studies 
undertaken.  
 
2.1 Definition of Jet Lag 
Long-haul flights are a common experience for cabin crew and can be associated with several 
problems as illustrated in Chapter 1. One key problem is jet lag. Jet lag is formally described 
as circadian desynchrony (Nagano et al., 2003) between the internal timing of the body clock 
and the external environment caused by rapid travel across multiple time zones. As the body 
clock is unable to adjust rapidly to new time cues (Nagano et al., 2003), the individual suffers 
from a number of symptoms associated with jet lag until adjustment occurs. Sleep disruption 
is the main complaint of jet lag, caused by the mismatch of the circadian rhythm of the 
sleep/wake cycle in relation to the light/dark cycle (LD cycle) in the new time zone. Indeed, 
as opposed to travel fatigue, which is caused by long journeys, disruption of sleep, routine 
and travel difficulties (check in, custom clearance, restricted choice and timing of food, 
cramped environment, dehydration), jet lag does not disappear after a good night‟s sleep but 
tends to persist for a few days depending on the number of time zones crossed and direction 
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of travel and individual variability (Waterhouse et al., 2007).  Therefore, individuals may 
report several symptoms such as fatigue, impaired sleep and cognitive performance, 
moodiness, loss of appetite, gastrointestinal problems and inappropriate time of defecation 
(Waterhouse et al., 2000). However, the severity and incidence of jet lag depends on many 
variables which will be discussed in the following sections.   
 
2.2 Chronic Jet Lag 
Jet Lag symptoms have been described as transient until adaptation in the new time zone 
occurs after a few days, depending on the number of time zones crossed and the direction of 
travel (Arendt, 2009).  However, long-haul cabin crew are exposed to repeated circadian 
desynchrony so jet lag symptoms may not be transient (Cho, Ennaucer, Cole, & Suh, 2000; 
McCallum et al., 2003). A further implication of long-haul operations is that cabin crew may 
not seek to adjust to the new time zone because of short layovers and the impact on their 
home life (Eriksen, 2006). Nevertheless, the circadian rhythm is set by light and therefore any 
light exposure at the inappropriate time of day (e.g. night in the home time zone) whilst 
working onboard or at destination will inevitably shift the timing of the circadian rhythm 
causing disruption.   Evidence from epidemiological and animal studies show that there are 
long-term consequences of frequent desynchrony associated with cognitive deficits, increased 
risk of cancer, heart disease and gastrointestinal problems (Arendt, 2009). Light is not the 
only stimulus that exerts influence on the biological clock. Circadian rhythms are maintained 
through the interplay of biological (e.g. timing of the body clock), behavioural processes (e.g. 
rest/activity, feeding/fasting) environmental factors (e.g. temperature, oxygen levels) and 
psychological factors (e.g. cognitions and emotions) although the effects of psychological 
factors are seldom researched in the context of circadian rhythms. This thesis will describe 
the role of biological, behavioural and psycho-social factors involved in circadian disruption 
and the symptoms associated with it.  
 
2.3 Biological Basis of the Circadian Rhythm 
Firstly, it is important to describe the biological nature of circadian disruption. Biological 
processes that cycle in 24-hour intervals are called circadian rhythms. The endogenous 
circadian rhythm is between 24 and 26 hours in absence of time cues as shown by studies 
performed in caves and bunkers and among blind people, also known as "free-running" 
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studies
1
 (Arendt et al., 2000). Hence, the term circadian from the Latin "about a day". In 
addition to the sleep-wake cycle there are other biological and behavioural rhythms that are 
linked to the circadian rhythm, such as body core temperature (BCT), endocrine rhythms (e.g. 
plasma cortisol, melatonin, insulin and growth hormone), levels of alertness, mood and 
performance (e.g. working memory speed, reaction time). Circadian rhythms are also present 
in pathological and pharmacological parameters (e.g. birth and death rates and effects of 
drugs). In addition, cardiovascular function (such as blood pressure, heart rate), kidney 
function (e.g. urine flow rate) and respiratory function also show variation according to time 
of day. 
 
The light-dark cycle synchronizes the circadian rhythm to 24 hours and this process is called 
entrainment. Circadian rhythms are therefore maintained through the interplay between 
endogenous (internal) and exogenous (external) influences such as light exposure (suppresses 
melatonin secretion), sleep times (lowers BCT) or exercise (raises BCT). The shape of 
circadian rhythms is that of a sine curve. The terms used to describe the features of circadian 
rhythms are shown in Figure 2.1:  
 The acrophase, which is the peak time for BCT or endocrine secretions; 
 The nadir  which is when BCT and endocrine secretions reach the lowest point; 
 The amplitude, a measure of variation in the cycle derived from peak to trough;  
 The mesor, which is the  mean level of the rhythm;  
 The phase, which is the time reference point of a rhythm; 
 The phase shift  which occurs when the reference point of a cycle is advanced  in 
time (nadir occurs earlier) or delayed  (nadir occurs later); 
 The period, time taken for the period to complete a whole cycle 
 Entrainment is the process of period and phase control of circadian rhythms by 
environmental stimuli (Pressman and Orr, 1997).   
 
                                                 
1
 All time cues are removed  to assess the circadian component of a rhythm, so for example, subjects are held in 
constant dim light or darkness.  
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Figure 2.1.  Terms associated with a circadian rhythm. 
The environmental stimuli that synchronise circadian rhythms to the 24-hour day are called 
zeitgebers, a German term that means 'time giver' (Aschoff, 1951).  However, the LD cycle is 
the most important zeitgeber in humans (Arendt et al., 2000). As well as having entrainment 
properties, light exposure is able to shift the phase of the rhythm. The rhythm can be phase 
delayed, advanced or be unaffected by presentation of light depending on the phase of the 
rhythm at the time point of light exposure (Arendt et al., 2000).  Having a circadian rhythm 
synchronised to the outside world has important adaptive implications. Clearly, adaptation to 
the environment enables organisms to optimise their survival (e.g. cope with LD cycle), 
maximise human performance (e.g. exam during peak alertness) and maintain wellbeing (e.g. 
sleep performance, Pressman & Orr, 2007). The region responsible for controlling circadian 
rhythms is the suprachiasmatic nuclei described in the next section. 
 
2.3.1 The Suprachiasmatic Nuclei (SCN) 
In mammals the master pacemaker regulating most circadian rhythms is the suprachiasmatic 
nuclei (SCN), a cluster of about ten thousand nerve cells (neurons and glia) located in the 
hypothalamus in the dorsal of the optic chiasm. Whilst there are peripheral circadian 
pacemakers and clock gene expression occurring in the liver, the kidney, the lungs and in 
most body cells, the SCN is the master oscillator that coordinates the peripheral clocks 
(Reddy, Wong, O'Neill, Maywood, & Hastings, 2005). The pacemaker role of the SCN was 
established by lesion studies where SCN destruction in rats was found to cause arrhythmicity 
of different cycles (sleep-wake, temperature, activity, heart rate) (Harrington & Mistlberg, 
2000). Electrophysiological studies in vitro and in vivo provided further evidence for the 
pacemaker function of the SCN as circadian function was maintained in isolated SCN 
(Harrington & Mistlberger, 2000). For example, SCN neurons continue to express circadian 
     Mesor
(mean value)
       Nadir
(time of minimum)
   Acrophase
(time of peak)
Time
Amplitude
Period
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rhythm for days (vasopressin release) when maintained in hypothalamic slice preparation 
(Murakami, Takamure & Takahashi, 1991). Moreover, single SCN neurons continue to 
express independently phased circadian firing when dissociated from rat SCN (Welsh et al., 
1995). However, Webb, Angelo, Huettner and Herzog (2009) found while all SCN neurons 
show rhythmicity, there are no special pacemaker cells.  SCN neurons isolated from SCN 
(physically or by tretodotoxin) sometimes lose or gain rhythm which seems to indicate that 
the network interactions in the SCN are vital for the stability of circadian oscillations. 
 
The strongest evidence for the pacemaker role of the SCN came from transplant data which 
showed that arrhythmic rodents with SCN lesions recovered circadian rhythm after foetal 
SCN transplant (DeCoursey & Buggy, 1988). In addition, the circadian period was 
determined by the genotype of the donor brain. That is, the restored circadian rhythm of wild 
animals was shortened from 24 to 20 hours following transplant of tissue from a mutant strain 
of hamster with a short circadian rhythm of 20 hours (Ralph, Foster, & Davies, 1990). This 
finding indicated that not only has the SCN an intrinsic oscillatory mechanism but that gene 
expression is involved in the generation of circadian oscillations. This will be reviewed in the 
next section. 
 
2.3.2 Genetic Basis of the Circadian Cycle 
Progress has been made in understanding the mechanisms or circadian rhythm generation 
which may shed further light on the physiological consequences of circadian disorders (e.g. 
time zone transitions, shift work, blindness). The SCN regulates the circadian rhythm through 
transcriptional/translational feedback loops which involve CLOCK and BMAL1 genes which 
regulate the clock genes of Per 1-3 and Cry 1 and 2 (Reddy et al., 2005). Per and Cry have a 
circadian rhythm (about 24 hours) and photic stimuli induce suppression or expression of 
these genes in the SCN. Nagano et al. (2003) found that abrupt shift of the LD cycle caused 
desynchrony in clock gene expression in the two subdivisions of the rat SCN: the VLSCN 
(ventrolateral) and the DMSCN (dorsomedial). Contrary to the VLSCN, the DMSCN does 
not receive direct retinal innervation therefore gene expression (light sensitive) was slower to 
entrain to the shifted LD cycle in the DMSCN than in the VLSCN. During such time 
abnormal rest-activity patterns were observed. Molecular resynchrony following phase delay 
occurred after about six days and between 9 and 13 days after phase advance, suggesting an 
underlying mechanism for the physiological changes associated with jet lag. In addition, 
Reddy et al. (2005) argued that mPer 2 may have tumor suppressor effects and that the 
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deregulation of this clock gene through disrupted circadian rhythm may be responsible for 
tumor growth  and help explain the association between chronic circadian disturbance and 
risk of cancer in humans (Reddy et al., 2005). However, most research has been conducted on 
animals and caution should be used when extending explanations to human behaviour. It is 
also interesting to note that there is evidence for peripheral circadian pacemakers and clock 
gene expression occurring in the liver, the kidney and the lungs (Reddy et al., 2005). 
However, gene expression seems to be 4-hour delayed in these organs, (perhaps reflecting the 
slow communication via endocrine pathways) and peripheral clocks need the SCN to 
synchronise them as unlike the SCN they cannot sustain circadian rhythm independently 
(Reddy et al., 2005). This evidence suggests that as well as desynchrony of the SCN sub-
regions, circadian disorders such as jet lag may be exacerbated through desynchrony between 
central and peripheral clocks. In addition, evidence suggests that while the SCN is mainly 
entrained by light, peripheral oscillators can be influenced by daily feeding cycles and other 
cues (Mendoza et al., 2005). The SCN controls rhythmic activity across the body by 
receiving environmental inputs and inputs from peripheral clocks and mediating it to all the 
tissues in the body.  
 
Figure 2.2. Regions of the brain involved in the circadian rhythm. 
2.3.3 The Circadian System 
The circadian system consists of 3 elements: entrainment pathways, output pathways and a 
central clock that generates circadian rhythm. It is not clear whether the clock resides in the 
SCN neurons or glia or both (Harrington & Mistlberger, 2000). However, what is clear is that 
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there is a daily variation in firing rate (excitatory and inhibitory patterns) where peak is 
reached once per circadian cycle.  Communication between SCN neurons (via synapses) is 
believed to occur through GABA-ergic (inhibitory) and glutamatergic (excitatory) signalling 
(Harrington & Mistlberger, 2000). Although synchronised, some SCN neurons respond to 
photic (light) stimuli as they are in the ventrolateral SCN (VLSCN) photoreceptive region 
which receives direct retinal input via the retino-hypothalamic tract (RHT). In contrast, 
neurons in the dorsomedial region (DMSCN) are not responsive to light, thus show 
endogenous rhythm. This may explain why circadian adaptation to the new L/D cycle 
following transmeridian flying is limited (Nagano et al., 2003; Cho et al., 2000) (see later 
discussion).  
 
2.3.4 Endocrine Regulation of the Circadian Rhythm: Melatonin, Cortisol and BCT 
The SCN synchronises circadian rhythms via neural (Harrington & Mistlberger, 2000) and 
endocrine pathways. In response to light/dark, SCN photoreceptive cells are either light 
activated or light suppressed and change their firing rate accordingly.  For example, 
stimulation of the optic nerve causes the release of Glutamate, an excitatory neurotransmitter 
involved in photic entrainment of the circadian system. Neuro-peptide Y (NPY) and 
serotonin are involved in the mediation of non-photic stimuli to the circadian system 
(Harrington & Mistlberger, 2000). In response to dark, SCN neurons signal the pineal gland 
to secrete melatonin a hormone that induces sleep and lowers BCT (Arendt et al., 2000) while 
signals to the pituitary gland also inhibit cortisol secretion (also influenced by sleep onset). In 
response to light, SCN neurons signal the pineal gland to inhibit melatonin secretion (end of 
sleep, rise of BCT) and signal the pituitary gland to release cortisol (following awakening). In 
turn, melatonin feeds back onto the SCN melatonin receptors and facilitates sleep by 
inhibiting SCN drive for waking (Czeisler, Cajochen, & Turek, 2000). 
 
2.3.5 Summary 
Evidence for an endogenous component of the circadian rhythm comes from animal studies 
(e.g. SCN lesion studies) and lab experiments in humans which showed the free running 
properties of the circadian rhythm in the absence of time cues. The circadian system controls 
many body rhythms via neural and endocrine pathways. The physiological and genetic 
makeup of the SCN (photo receptive versus non photo receptive regions) may help explain 
the lag in adaptation of the circadian rhythm to the new time zone following transmeridian 
travel.  
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2.4 Melatonin as Best Marker of Circadian Phase in the Field 
Melatonin is considered the best available marker of circadian timing as its profile is mainly 
affected by light and less by other environmental stimuli such as posture (Arendt, 2005). 
Under untrained conditions (when individuals are synchronized to the 24-hour LD cycle) 
melatonin levels starts to rise during the evening (20:00 h - 23:00 h) reaching peak levels 
(acrophase) between 02:00 h and 04:00 h and returning to baseline later in the morning 
(08:00 h - 10:00 h). The BCT minimum (nadir) is the gold standard in circadian rhythm 
research but it is not reliable in field studies because of the masking effects of various 
zeitgebers (e.g. light, activity, posture, food intake, activity and sleep/wake cycle) (Takahashi 
et al., 2005). A phase marker commonly used is dim-light melatonin onset (DLMO) 
measured by saliva sampling as melatonin production begins approximately two hours before 
usual bedtime in dim-light conditions (Revell & Eastman, 2005).  However, this sampling 
method requires individuals to be awake and a disadvantage is that the DLMO may be missed 
in individuals with changing bed times (e.g. jet lag). In addition, dim-light sampling cannot 
be verified in the field unless light is objectively measured and the peak time of the melatonin 
rhythm cannot be assessed unless individuals are awake overnight. While saliva and plasma 
sampling are preferable, they are invasive (e.g. sleep disruption) therefore using 6-
sulphatoxymelatonin (aMT6s), the main urinary metabolite of melatonin is mostly used but 
with less resolution.   
 
Figure 2.3. Comparable values between the timing and amplitude of plasma and urinary 
aMT6s. Average concentrations of melatonin in plasma (green, average N = 133), saliva 
(blue, average N = 28) and 6-sulphatoxymelatonin (aMT6s) in urine (red, average N = 88), 
all measurements by radioimmunoassay. Diagrammatic representation of mean normal values 
(healthy men and women over 18 years old) from Arendt‟s laboratory. 
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Urine sampling over 1-hour interval is comparable to urine collection every 4-hour interval 
with 8-hour oversleep collection and if performed over 24 hours it allows for the 
measurement of peak time levels, (Arendt, 2005). Moreover, there is a good correlation 
between the timing and amplitude of plasma, saliva and urinary aMT6s, further evidence that 
aMT6s is a useful marker of circadian phase in field studies (Figure 2.3, Arendt, 2002).  
 
2.4.1 Relationship Between Melatonin and Other Circadian Rhythms   
When the circadian rhythm is synchronised to the LD cycle and on normal sleep/wake 
schedule the temporal profile of many physiological variables remains the same across the 
24-hour cycle (e.g. they are entrained, Figure 2.4). For example, BCT and melatonin profiles 
are opposite to each other. Melatonin acrophase occurs on average 1.9 h before the BCT 
nadir and the BCT nadir occurs on average 1.4 h before waking times (Shanahan, Zeitzer & 
Czeisler, 1997). In turn, these phase points correspond to maximum fatigue and low levels of 
performance and alertness (Figure 2.4).  
 
Figure 2.4. Physiological and endocrine circadian cycles in humans held under entrained (left 
panel) and constant (right panel) routine conditions. The shaded area depicts when the 
subjects would normally have been sleeping but in the constant routine they remained awake. 
In the constant routine subjects were held in dim light, deprived of time cues, recumbent and 
given frequent, regular but limited water and food (Czeisler & Klerman 1999).  
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The nadir of cortisol is at habitual sleep onset and acrophase at wake time (Czeisler & Khasa, 
2000). This is the result of the interaction between the drive from previous sleep times and 
SCN and the influence of zeitgebers on this interaction (e.g. light, exercise). Despite the 
existence of this interaction, laboratory studies have used a continuous wakefulness protocol 
in dim light (compared with entrained condition) to tease out the component (sleep/wake or 
SCN) that is more important in the regulation of different physiological variables. Evidence 
has shown that while BCT and urine volume maintain a strong endogenous circadian rhythm 
in the constant wakefulness routine, the amplitude appears to be larger in the entrained 
condition (normal sleep/wake schedule) indicating that their profile is influenced by both the 
endogenous component and sleep/wake states (Czeisler et al., 2000).  
 
On the other hand, the secretion of growth hormone and parathyroid hormone are greatly 
reduced in the constant condition compared to  the entrained condition indicating that they 
are  heavily sleep dependent (Czeisler et al., 2000). However, hormones whose temporal 
profiles remain constant despite the delay or advance of sleep (as in jet lag) are the best 
endocrine markers of the circadian rhythm (Arendt, 2009). Melatonin has a strong circadian 
component as it is largely unaffected by being awake, which is further evidence that 
melatonin is a good marker of the endogenous circadian rhythm.   
 
2.4.2 Measuring Circadian Disruption (Phase Shifts in the Circadian Rhythm) 
A few studies have assessed circadian disruption using the melatonin rhythm to measure the 
shift in circadian phase following rapid travel across time-zones or shift work, as shifts in the 
timing of melatonin are considered to represent changes in timing of the central clock.  The 
implication is that a shift in the DLMO or melatonin acrophase (peak time) reflects the body 
clock process of adaptation to the altered phase of zeitgebers (e.g. LD cycle) in the new time 
zone, although disruption of the circadian rhythm is also affected by individual differences in 
tolerance to circadian misalignment as will be discussed later (Section 2.11). Individual 
differences in the amount of melatonin secreted are also present. However, melatonin levels 
and peak values are consistent within individuals and from day to day (Middleton, 2013) in 
entrained conditions thus any changes between days can be reliably attributed to any 
conditions under investigation (e.g. jet lag) provided confounders are controlled. Several 
studies of shift work and jet lag have found that not only are melatonin concentrations lower 
in shift workers and long-haul cabin crew compared to day workers but also the timing of the 
melatonin peak is displaced (Grajewsky, Nguyen, Whelan, Cole, & Hein, 2003; Burch, Yost, 
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Johnson, & Allen, 2005; Papantoniou et al., 2014) further evidence that melatonin acrophase 
is a reliable measure of circadian disruption (Section 2.6.1). The next section will discuss the 
effects of exposure to light on the circadian rhythm.  
 
2.4.3 Summary 
Whilst BCT is typically used as the phase marker in lab studies, melatonin is considered as a 
better alternative in field studies as it is mainly affected by light and less by other 
environmental factors. It is therefore a more reliable estimate of circadian phase and 
disruption. Plasma, serum or saliva samples maybe used for melatonin measurement and 
urine for the metabolite. There are strong correlations between the three measurements. 
However, the advantage of urinary melatonin is that is less invasive and more stable over 
time and does not require collection in dim-light.  Several studies have reliably used 
melatonin as a phase marker of circadian dysregulation in the field.  
 
2.5 Behavioural Cause of Circadian Disruption: Exposure to Light and Darkness  
The effect of light on melatonin is to advance or delay its phase by suppressing its secretion 
and for that reason it is considered the best available marker for circadian disruption (Arendt, 
2009). As seen in Section 2.3, circadian rhythms can be phase delayed (later in the cycle) or 
can be advanced (earlier in the phase) depending on the direction of travel. Phase delays are 
typical of westward travel due to an advance in time whereas phase advances are common 
following eastwards travel where there is a delay in time (Pressman & Orr, 1997). In general, 
shifts of the circadian rhythm occur more rapidly following westward travel (phase delay) 
than eastward travel (phase advance). This phenomenon is called directional asymmetry and 
is due to the fact that the endogenous circadian rhythm tends to run slow (free run by 24-26 
hour), therefore there is a natural tendency to phase delay (Waterhouse et al., 2007) thus 
individuals cope better when the day is lengthened (darkness occurs later).  Early estimates of 
circadian adaptation in „real‟ travellers are that the circadian rhythm delays by 92 minutes per 
day following westward travel and phase advances by 57 minutes per day following 
eastwards travel (Pressman & Orr, 1997). Assessing the impact of long distance travel 
typically involves studying subjects in the laboratory or in the field. Both simulated phase 
shifts in the laboratory and field studies have found that light has the biggest influence on 
phase shifts (Arendt et al., 2000).  
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2.5.1 Evidence From Laboratory studies 
Laboratory studies that simulate time zone transitions by altering zeitgebers such as the LD 
cycle and the sleep/wake cycle have shown that it is possible to produce larger phase shifts 
(Samel & Wegmann 1997; Eastman & Burgess 2009) when light is applied at appropriate 
times. Exposure to light of appropriate intensity, duration and timing can shift circadian 
cycles according to a phase response curve (PRC), that is the relation between the time of 
presentation of light and the phase shift produced (Arendt et al., 2000). So, light exposure can 
phase delay, advance or cause no phase shift according to the internal time of exposure (e.g. 
biological night
2
) (Drake & Wright, 2011). The relationship between the timing and effect of 
light exposure can be plotted on a graph to best represent the magnitude of the circadian shift 
(Figure 2.5).  
 
Figure 2.5.  Phase response curves from free running participants through ultradian LD cycle 
(LD 2.5:1.5) for three 24-hour days. Melatonin (3 mg) or bright light pulses (2 h of 3500 lux) 
were administered each day, with different subjects receiving the zeitgeber at different times 
of day. The upward arrow is the average time DLMO and the triangle is the BCT nadir 
(Tmin: DLMO + 7) (Revell & Eastman, 2005, p. 354).  
Bright light (e.g. 3000 to 10000 lux) applied after the nadir of BCT or acrophase of melatonin 
will phase advance the body clock by raising BCT and suppressing melatonin. Instead, bright 
light applied before the nadir of BCT (late biological evening) will phase delay the circadian 
rhythm by keeping BCT high and melatonin low. Exposure to bright light during the day has 
no effect at all (dead zone, Pressman & Orr, 1997).The body core temperature minimum 
(Tmin) and the melatonin maximum (acrophase) are considered the rough markers of the 
crossover point between phase delays and phase advances and the largest shifts occur at this 
point (Waterhouse et al., 2007; Eastman & Burgess,  2009, Figure 2.5).  For example, a 
                                                 
2
 Biological night is defined as the time when melatonin is secreted (Arendt, 2009). 
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laboratory study which simulated an abrupt 12-hour shift of the sleep/wake cycle showed that 
artificial light (approximately 5.000 lux, 3 to 6-hour durations) phase delayed the circadian 
rhythm of BCT by 2.4 hours per day and phase advanced it by 93 minutes per day depending 
on the timing of light exposure relative to the baseline temperature (Eastman, 1992; Eastman 
& Martin, 1999). The circadian rhythm has also been found to respond differently according 
to the colour of light (Revell & Eastman, 2005). For example, dim blue light (~ 8 lux) is as 
efficient as bright light (~12000 lux) at producing phase shifting effects. This has 
implications for interventions in the field.  
 
2.5.2 Evidence From Field Studies 
While laboratory studies suggest that 3- and 6-hour exposure to bright light at an appropriate 
time will phase shift circadian rhythms, the results in field studies are inconsistent as it 
difficult to control confounders (e.g. impracticality of exposing travellers to light during the 
night before departure or during a flight) and different outcomes measures (e.g. sleep, 
alertness) have been used with different effects (Arendt et al., 2000). However, the role of 
light in shifting the circadian rhythm  has been shown by a field study (Suvanto, Harma, & 
Laitinen, 1993a) which assessed the circadian rhythms of salivary melatonin of forty female 
cabin crew before, during and after a return trip between Helsinki and Los Angeles (ten time 
zones, westward then adaptation eastward) over nine days. Melatonin acrophase was 
measured at 2-hour intervals two days before westward flight to LA, two days after arriving 
in LA, and two days after returning to Helsinki. Day length (summer time) was a consistent 
predictor of the magnitude of the shift of the melatonin rhythm acrophase after outbound 
westward flight and inbound eastward flight.  
 
2.5.3 Summary 
Evidence of a causal effect of light (timing, intensity and type) on the circadian rhythm from 
laboratory and field studies highlight the importance of exposure and avoidance to the natural 
LD cycle to promote and avoid adaptation following transmeridian flight.  The light PRC 
suggests that the circadian system is most sensitive during the biological night when 
individuals would normally be asleep. So even if long-haul cabin crew use strategies to avoid 
adaptation to a new time zone during short layovers, circadian phase shifts may be an 
inevitable consequence of being exposed to light at the inappropriate time of day such as 
during night flights or on arrival at destination (e.g. following eastward travel with an 8-hour 
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change, local time is 10:00 h which corresponds to 2:00 h biological night, the start of the 
crossover point between phase delay and phase advance).    
 
2.6 Sleep and the Circadian Rhythm 
Sleep performance plays a crucial role in our wellbeing as it is a biological need whose 
function will be described in Section 2.6.2. It is therefore not surprising that rapid travel 
across time-zones can cause disruption to sleep patterns with implications for safety in 
aviation. Thus, as well as assessments of circadian phase (e.g. melatonin), circadian rhythm 
studies have also used behavioural assessments of jet lag such as sleep performance. Many 
studies (e.g. Lowden & Akerstedt, 1999) have used altered sleep parameters (objective and 
subjective) to represent the process of adaptation of the circadian rhythm following 
transmeridian travel. However, as sleep behaviour can be influenced by several factors other 
than a displaced body clock (e.g. cognition) sleep disruption alone may not be used as a 
marker of circadian desynchrony. Nevertheless, sleep disruption is the primary complaint of 
jet lag in the general population (Arendt, 2009; Waterhouse et al., 2000; 2002) and in long-
haul cabin crew (Lowden & Akerstedt, 1999; Sharma & Schrivastava, 2004). Both objective 
parameters such as displaced sleep times and subjective symptoms such as difficulty 
initiating, maintaining sleep and poor waking alertness are strongly associated with jet lag 
(Lowden & Akerstedt, 1999; Sharma & Schrivastava, 2000; Waterhouse et al., 2000; 2002; 
2004). One of the causes is that following transmeridian travel, adjusting sleep to the new 
local time is not favoured by the slow adapting circadian rhythm so that the two rhythms 
become uncoupled and sleep suboptimal (see Section 2.8). For example, following eastward 
travel, individuals may find it difficult to advance their sleep at a time of their circadian 
rhythm when BCT is high and melatonin low, properties that stimulate alertness. Conversely, 
sleep attempted on the rising phase of the BCT and falling phase of the melatonin is 
associated with more awakenings and shorter sleep (Lamond et al., 2003). The difficulty in 
advancing sleep is also due in part to directional asymmetry discussed in Section 2.5 and 
individual differences discussed in Section 2.11. The relationship between the sleep/wake 
cycle and the circadian rhythm is not unidirectional. Evidence suggests that the SCN 
regulates sleep through neural and hormonal pathways described earlier but sleep behaviour 
itself influences the SCN. This will be examined in the next section.   
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2.6.1 Behavioural Causes of Circadian Disruption: Sleep Disruption 
The sleep wake/cycle and the endogenous circadian timing are closely related and both affect 
alertness levels and other physiological rhythms (Section 2.4.1).  There is also evidence that 
suggests that the sleep/wake cycle exerts influence on the SCN. For example, acute sleep loss 
(one bout of extended wakefulness) can directly influence neural activity in the SCN 
(Deboer, Detari, &  Meijer, 2007) and longer consecutive hours awake affect the amplitude 
of circadian oscillation in performance. There is evidence that altered sleep patterns typical of 
shift work and jet lag can cause a reduction of melatonin levels. Burch et al. (2005) assessed 
melatonin levels in night, swing (day and night) and day workers post-work and post-sleep. 
They found that compared to day workers, night workers had altered melatonin excretion 
(45% lower), disrupted sleep, and greater symptom prevalence (e.g. feeling tired, sleepy, not 
alert). Subjects were also ranked on their sleep:work urinary 6-sulphatoxymelatonin ratio 
which is between 5 and 20 in day workers and close to one in non-day workers (Burch et al., 
2005). In addition, workers with a ratio close to or less than one were 3.5 to 8 times more 
likely to experience symptoms (Burch et al., 2005). In a similar vein, Grajewski et al. (2003) 
assessed melatonin rates in cabin crew and teachers over a month and found that cabin crew 
experience increased circadian disruption, as measured by higher melatonin variability, than 
teachers. In addition, melatonin desynchronization was related to sleep displacement and 
number of time zones crossed.  Furthermore, Roach and colleagues (2002) found that 
habitual wake up times predicted melatonin DLMO at baseline in a study of simulated shift 
work.  They also found that working nights significantly delayed the circadian rhythm 
possibly because of exposure to light. After seven nights of simulated shift work, a 
cumulative phase delay of 5.5 h (decimal time) was observed which corresponded to an 
average delay of 0.8 h (decimal) per day (Roach et al., 2002). Similarly, in a cross-sectional 
study, Papantoniou et al. (2014) demonstrated that night workers had lower levels of urinary 
melatonin compared to day workers and peak time occurred three hours later (08:42 h and 
05:36 h respectively). In addition, phase delay was stronger among subjects with higher 
exposure to light at night and number of nights worked, indicating that behaviours such as 
exposure to light and disrupted sleep (e.g. night work) have important implications for 
circadian disruption. As chronic sleep disruption (e.g. sleep debt) associated with long-haul 
operations has serious implications for alertness and safety, the function and structure of 
sleep and sleep regulation will be examined in more detail in the next sections before a 
review of circadian disruption in long-haul cabin crew. 
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2.6.2 Function of Sleep 
Sleep is defined as a state which is characterised by changes in brain wave activity which 
involve many areas of the nervous system and two different phases, NREM (Non-Rapid-eye-
movement) and REM (Rapid-Eye-movement) sleep (Pressman & Orr, 1997). The function of 
sleep is not clear. However, different theories have been put forward. According to the 
restorative function (Horne, 1988), sleep may serve to restore the natural chemical balance in 
the nervous system. Evidence for this is that processing of information is impaired by lack of 
sleep as shown by sleep deprivation studies (Horne, 1998) and the secretion of sleep-
dependent hormones such as growth hormone involved in tissue synthesis and repair 
discussed earlier (Toates, 2002). The protective function rests on the notion that we are 
inactive at a time when we are most vulnerable (poor night vision) thus sleep increases our 
survival chances (Toates, 2002). According to the re-programming function, sleep serves to 
consolidate information in our memory (Toates, 2002). While the three processes may 
combine to explain sleep function, the restorative theory is the one that has implications for 
the wellbeing of long-haul cabin crew as chronic circadian disruption of the sleep/wake cycle 
as a result of jet lag leads to chronic sleep disturbances, daytime fatigue and reduced 
performance (Lowden & Akerstedt, 1999; Arendt et al., 2000; Waterhouse et al., 2000; Cho 
et al., 2000; 2001).  
 
2.6.3 Structure of Sleep 
Sleep is divided in two states: REM and NREM. Electroencephalogram (EEG) records brain-
wave activity and neuron-transmitter frequency during sleep and have revealed the structure 
of sleep. 75% to 80% of sleep is made up of NREM sleep (slow-waves of electrical activity) 
which is sub-divided into 4 stages:  
1.  Defined by decreased EEG (alpha rhythm) and increased theta activity. 
2.  Defined by K complexes (back to awareness), sleep spindles, increased EMG 
 (electromyographic) and EOG (electrooculographic) activity and SWS (slow 
 wave activity) 
3 & 4. Defined by mixed frequency EEG, SWS. (Pressman & Orr, 1997) 
 
REM sleep is characterised by rapid eye movement, loss of voluntary muscle tone and low 
amplitude EEG characteristic of waking but the person is asleep and this state accounts for 
25% of sleep. REM sleep is associated with dreaming as shown by reports of people woken 
during this phase (Pressman & Orr, 1997). There is constant cycling between the stages: from 
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Stage 4 to the intermediate Stages 3 and 2 and then to REM.  This process occurs on average 
every 90-110 minutes with the first third of the night being characterised mainly by SWS 
which is associated with the initiation of sleep and the length of prior wakefulness and the 
last third by REM sleep which becomes longer and more frequent (4 - 6 episodes each night) 
associated with the circadian rhythm and body temperature (Pressman & Orr, 1997). There 
are individual differences which are related to age and personality (see Section 2.11).  
 
2.6.4 Regulation of Sleep, Wakefulness, Alertness and Performance 
According to the Three-Process Model (Folkard, Akerstedt, Tucker, & Spencer, 1999), 
sleep/wake patterns are regulated by the homeostatic process (S) a circadian process (C) and 
the wake-up process (W). Process S represents the influence of habitual sleep/wake times 
which increases during wakefulness and decreases during sleep. Process C represents the 
circadian drive for sleep/wake determined by the SCN (independent of homeostatic process).  
Finally process W reflects sleep inertia, the feeling of sleepiness experienced on waking.  
Parameters are obtained from rated sleepiness after sleep/awake manipulations (visual 
analogue scale range 1 - 21, 3 = extreme sleepiness, 7 = sleepiness threshold, 14 = high 
alertness). Validity of the model was tested by laboratory studies as well as field studies using 
subjective alertness and EEG alpha and theta activity (typical of Stages 1 and 2 of sleep, 
Folkard et al., 1999). Overall, medium increased alpha activity was noted in subjected 
alertness below 7 (Folkard et al., 1999).  The interaction of these three processes determines 
the timing of sleep and the degree of alertness, fatigue and performance. For example, from 
experimental studies Folkard et al. (1999) predicted sleep latency to start at around 0.5 
minutes for the lowest level of predicted alertness (e.g. 1). Thus, sleep latency of more than 
20 min is predicted by very high levels of predicted alertness (13 - 17).  A refined estimation 
of process C (predicted from wake-up times) and other variables have increased the 
predictive power of  the model  in accounting for alertness on a variety of altered sleep/wake 
patterns (e.g. shift work) (Folkard et al., 1997). For example, the original model failed to 
predict the observed increase in accident risk over four successive night shifts (Knauth, 1995) 
as the model seemed to predict an increase in alertness as a result of the adjustment of 
process C (circadian component) over successive shifts. However, examination of alertness 
ratings in different night-shift patterns revealed a "first night compensatory effect" whereby 
subjects rated themselves more alert during the first night shift at the expense of the second 
night which had substantially lower ratings. A "time on shift" decline in alertness in 
subsequent night shifts was therefore noted and incorporated in the model. Despite the 
  
27 
 
increase in predicted power, the model has two main limitations. The first relates to the 
notion that the phase of process C can be predicted by wake up time. While there is evidence 
that the circadian oscillator influences wakefulness more than sleep (i.e. spontaneous 
alertness early evening despite sleepless night) (Edgard, Dement and Fuller, 1993, p. 395), it 
is doubtful that wake times can reset process C as rapidly as proposed by the model, as 
evidence suggests that circadian adaptation to phase shifts is slower than wake up times  (two 
to three days following westwards travel and four or more following eastwards travel, Cho et 
al., 2000; Arendt et al., 2000). Secondly, the model only predicts 60% of the rated alertness in 
shift work and between 25 - 96% of alertness in a sample of cabin crew (Suvanto, Harma, 
Ilmariner, & Partiner, 1993b) which suggests that there may be individual differences in the 
regulation of sleep related to genetic factors (e.g. age, whether subjects are "morning" or 
"evening" types, neuroticism), or the interaction between social/domestic factors and 
psychological factors (e.g. coping) (Sections 2.11 and 2.12).  
 
2.6.5 Characteristics of Sleep Propensity 
There are three features of sleep propensity (sleepiness) that may help explain sleep problems 
and decreased alertness experienced in long-haul flying: the sleep gate, the forbidden zone 
and the mid-afternoon peak. The circadian rhythm (process C) affects sleep propensity, which 
means that sleepiness reaches its peak at night and is lowest during the day. Sleepiness 
increases in the late evening leading to a sleep gate, a window of opportunity where sleep is 
facilitated. This is associated with DLMO which further promotes sleep onset. It is worth 
noting that sleep onset latency (SOL) longer than 30 minutes is used in clinical settings to 
diagnose insomnia (Morin, 1993).  As seen in the previous section, habitual sleep times 
(process S) also affect DLMO and sleepiness.  Secondly, there is a forbidden zone for sleep 
whereby sleep propensity is very low in the early evening (usually between 18:00 h and 
20:00 h), which ends at the opening of the sleep gate. Thirdly, there is a mid-afternoon peak 
in sleepiness (post-lunch dip in alertness). Of relevance is the notion of sleep consolidation 
(the ability to maintain sleep) which follows the rhythm of sleep propensity. That is, sleep 
consolidation has its peak after BCT minimum and starts to decrease as BCT increases until it 
reaches its nadir during the day. Sleep inertia (process W) refers to a feeling of confusion and 
cognitive dysfunction on awakening from sleep, especially deep sleep (SWS), during the 
night and following sleep deprivation, it can last up to two hours (Buysse,  Barzansky, & 
Dinges, 2003). Thus, the ability to fall asleep, maintain sleep and feeling refreshed after sleep 
is the result of a fine balance between many processes. Figure 2.6 shows that in entrained 
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individuals alertness and performance reach their nadir at night during peak sleep propensity 
and fatigue and close to the low point of BCT and the peak of melatonin secretion. This 
explains why sleep that is attempted out of phase is shorter or split (e.g. five hours nocturnal 
and two, three hours diurnal) or difficult (e.g. missed sleep gate) and of poor quality and why 
the risk of accidents increases when working out of phase. Before discussing how the quality 
and quantity of sleep is affected by jet lag with implications for cognitive performance, the 
next section will examine different methods of assessing sleep performance.  
 
Figure 2.6.  Diagrammatic examples of circadian rhythms, from Rajaratnam and Arendt, 
2001). 
 
2.6.6 Summary  
There is a close relationship between the sleep/wake cycle and the body clock such that in 
entrained individuals sleep propensity is highest in the evening facilitating sleep initiation 
(sleep gate) and maintenance (circadian low = peak time melatonin and BCT minimum) at 
night. This helps explain why sleep that is taken out of phase (e.g. during shift work and jet 
lag) is disrupted. However, there is also evidence that displaced sleep times can influence the 
circadian rhythm as measured by a shift in BCT minimum or peak time or melatonin. For 
example, sleep disruption is associated with lower melatonin rates in night workers and cabin 
crew and habitual wake times predict DLMO (Roach et al., 2002). Light exposure and 
changes to sleep patterns (e.g. night work) are identified as causes for changes to melatonin 
profiles.     
 
2.7 Assessing Sleep 
Sleep can be assessed either in the laboratory or in the field. This will now be described.  
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2.7.1 In the Laboratory 
2.7.1.2 Polysomnography 
Polysomnography (PSG) is considered the gold standard in sleep assessment and it consists 
in measuring brain activity using electroencephalogram, (EEG), eye movements using 
electro-oculogram (EOG), and facial muscle tone using electro-myogram (EMG). Heart rate 
using electro-cardiogram (ECG) and breathing may also be included (Sack et al., 2007). Due 
to the complexity of this methodology and the fact that it requires assessment in the lab, 
alternative methods have been developed and successfully used in the field.  
 
2.7.2 In the Field 
2.7.2.1 Subjective Assessments of Sleep 
Sleep/wake diaries (sleep logs) and questionnaires (e.g. the Pittsburgh Sleep Quality Index, 
Buysse et al., 1989)  can provide information on qualitative as well as quantitative aspects of 
sleep such as bedtime, sleep onset time, sleep duration, awakenings, wake time get up times 
and naps. In long-haul operations, diaries and questionnaires are often used due to their 
simplicity and flexibility (can be taken on trips). However, reliability of the data depends on 
the participant filling in the detail at the correct time. The use of electronic diaries can 
overcome this issue and therefore improve validity and reliability (Lowden & Akerstedt, 
1999). Nevertheless, diaries provide important data on the subjective quality of sleep and 
have been used to assess changes in sleep quality and quantity in airline crew (Lowden & 
Akerstedt, 1999; Roach et al., 2002; Ballard et al., 2006) as well as shift workers (e.g. air 
traffic controllers, police force, night drivers, Sack et al., 2007).    
 
2.7.2.2 Objective Assessments of Sleep: Actigraphy 
Reliability and validity of the sleep data obtained from sleep logs can be supplemented by 
using activity monitors. These are wristwatch-like devices worn on the non-dominant wrist 
that contain a sensor (actimeter) to measure physical movements sampled several times per 
second and stored in 1-minute epochs. As these actiwatches can be worn with little 
inconvenience and require little intervention from the participant, apart from remembering to 
wear them, they are ideal for field studies.   Data collected by the actigraph is downloaded by 
the experimenter and different sleep parameters obtained. These include bed time, sleep onset 
time, total sleep duration, wake time and sleep efficiency (SE) which measures the 
percentage of time asleep whilst in bed. Bed times and get up times may be set by the 
experimenter but the sleep/wake scoring algorithm calculates the desired sleep parameters. 
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Actigraphy is based on the basic principle that movement occurs predominantly during 
waking periods and inactivity occurs during sleep periods. Therefore, any displacement in 
rest/activity patterns reflects alterations of the sleep/wake cycle and can be measured 
objectively. Indeed actigraphy has been widely used in a variety of settings (including clinical 
and research) to assess various conditions such as Circadian Rhythm Sleep Disorders  (e.g. 
shift work and jet lag) and sleep disorders such as insomnia,  restless legs and periodic limb 
movement disorder (Ancoli-Israel., 2003).  In addition, there is some evidence that actigraph-
derived sleep parameters (bed time, wake up time, mid sleep and acrophase) in entrained 
subjects are related to urinary melatonin phase markers (Youngstedt et al., 2001; Middleton, 
Arendt, & Stone, 1997). However, in subjects affected by external or internal desynchrony 
typical of jet lag, sleep parameters and circadian parameters (e.g. urinary melatonin) may not 
be related due to circadian misalignment.   
 
2.7.2.3 Comparisons of Actigraphy with Other Sleep Measures 
A study by Delafosse et al. (2000) evaluated the validity of actigraphy versus PSG in hospital 
night workers and found that actigraphy total sleep time was comparable to that measured by 
PSG. However, correlations between actigraphy and PSG in relation to other sleep 
parameters such as sleep onset latency (SOL), sleep efficiency (SE) are less evident (Ancoli-
Israel et al., 2003). Similarly, there are good correlations between sleep logs and actigraphy-
identified sleep onset/offset and timing sleep duration. However, the methods were poorly 
correlated in terms of sleep onset latency which was shorter when measured objectively. 
Also, the number and duration of night awakenings were higher when measured by 
actigraphy compared to subjective measure (Lockeley, Skene, & Arendt, 1997).  This can be 
attributed to problems associated with misidentifying quiet waking or not wearing the watch 
while taking a shower as watches are non water resistant or while sleeping as a result of non 
compliance. To this end, the recording of bed and get up times in sleep logs or questionnaires 
can help investigators identify sleep patterns reliably. Of relevance is also the definition of 
sleep onset.  Some investigators believe that a change in EEG pattern (K complex spindles, in 
Stage 2) is necessary to identify sleep onset. However, often this change in EEG pattern does 
not reflect an individual‟s perception of sleep (Carskadon & Dement, 2005). Chesson et al. 
(1999) concluded that self-report measures are modestly related to actual sleep. An 
explanation may be that in Stages 1 and 2 of sleep, people still cognitively perform thus they 
tend to underestimate actual sleep (Perlis, Giles, Mendelson, Bootzin, & Wyatt, 1997). For 
example, using MRI, Portas and colleagues (2000), demonstrated that during sleep, certain 
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regions of the brain are still active as participants were exposed to stimuli (meaningful versus 
non meaningful). Therefore, achieving more reliable results of sleep quantity and quality may 
require using both subjective and objective measures. 
 
2.7.3 Summary 
Actigraphy is non invasive therefore ideal for field studies. It can be used as an effective 
complementary assessment to determine sleep patterns in individuals affected by different 
sleep related disorders including Circadian Rhythm Sleep Disorders (CRSDs) as it has been 
shown to correlate well with sleep logs, PSG, and markers of the circadian phase despite 
some discrepancies. These can be avoided by complementing objective and subjective 
methods.  
 
2.8 Sleep Disruption After Transmeridian Flight 
As described in section 2.7, both sleep quality and quantity are affected by circadian and 
homeostatic factors. However, the severity of the symptoms after transmeridian flight is also 
related to the direction of travel and the number of time zone crossed (Section 2.6) as they 
determine at which phase of the circadian rhythm sleep is attempted. Thus, adaptation of the 
sleep/wake cycle may take on average two or three days following westward travel and 
several more days following eastward travel (Nicholson 1994; Lowden & Akerstedt, 1999). 
 
2.8.1 Evidence from Single Acute Time-zone Transitions  
2.8.1.1 Adaptation to the East 
Eastwards travel seems to be associated with reduced SWS and REM sleep for many days 
while there may be a compensatory increase in REM sleep several nights later (Arendt et al., 
2000). This data seems to be supported by Caufriez et al. (2002) who found a marked 
reduction in sleep efficiency (SE) in the first night of 8-h phase advance in a sleep laboratory 
when compared to baseline measures (average 50% and 83% respectively). This reduction 
was the product of decreased SWS and REM. In the second shifted night, sleep efficiency 
improved by 71% in the dim-light conditions while it increased to 82% in the bright light 
condition, further supporting the evidence that photic stimuli have strong circadian resetting 
properties. It is worth noting that a figure less than 85% in SE is one of the criteria used to 
diagnose insomnia (Morin, 1993). Thus, the lower average baseline SE (82%) observed in 
Caufriez et al. (2002) may reflect the subject's awareness of being monitored in the 
laboratory. Overall, the sleep problems associated with eastward travel are difficulty falling 
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asleep and wakefulness in the early part of the sleep episode as sleep is attempted at a phase 
of the rhythm when BCT is rising (day in the home time zone) and before the sleep gate. 
Using subjective assessments of sleep following a 10-hour advance in time, Waterhouse et 
al., 2000 found that the number of waking episodes remained high during a 6-day adaptation 
to the east and difficulty falling asleep was particularly increased on Day 1. Other subjective 
sleep assessments such as lateness of getting to sleep and alertness 30 minutes after waking 
did not show reliable changes.  
 
2.8.1.2 Adaptation to the West 
Conversely, westward travel is associated with increased SWS sleep as a result of an 
increased sleep drive (e.g. sleepiness) without sleep and REM sleep occurs sooner and 
increases on following nights as SWS readjusts (Arendt et al., 2000). Unlike for eastward 
adaptation, sleep tends to be of good quality during the first part of the night (corresponds to 
circadian low) with premature waking later on (rise of BCT and decrease in melatonin) and 
restless sleep. While homeostatic and the circadian components interact to influence sleep 
and alertness, forced desynchrony studies (sleep/wake schedule deviate from 24-hour day) 
similar to shift work and jet lag (Van Dongen & Dinges, 2000) have shown that NREM sleep 
is mainly controlled by the homeostatic process while REM sleep is mainly regulated by the 
circadian process. Thus, it may be argued that the return of REM to baseline levels after two 
or three days (Arendt et al., 2000) may reflect circadian adaptation after transmeridian flight. 
  
2.8.2 Evidence From Exposure to Repeated Time-zone Transitions 
Adaptation following transmeridian flight is difficult to assess as different studies seem to 
adopt different measures (objective versus subjective sleep) and may have methodological 
problems (Lowden & Akerstedt, 1999).  However, studies conducted in aircrew also revealed 
major differences in sleep patterns after westward and eastward flights. Spencer and 
Montgomery (1995) studied 241 British Airways aircrew with a sleep-log questionnaire 
(layovers of no more than three nights to the west and longer trips to the east, e.g. Australia) 
and found that westward layovers were associated with better sleep than eastward layovers. 
In the west coast USA, crew slept slightly in advance of local time and sleep problems 
persisted throughout the layover. There was no evidence of strong sleep disturbances in the 
east coast USA (westward travel). On the contrary, sleep patterns were more irregular, 
fragmented and shorter after flight to the east (e.g. Far East). Some aircrew attempted to 
adapt to local time while others delayed their sleep to stay on home time. Adaptation 
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following outbound flight was easier after landing late in the day whereas early departures on 
the return leg caused severe problems associated with restricted sleep the night before 
departure. The worst sleep performance was recorded in Australia where frequent naps and 
sleep were either very short or very long perhaps due a compensatory effect.  The researchers 
argued that circadian disruption was likely for trips over five-hour time change although not 
enough time was spent away for full adaptation. However, one problem is that circadian 
phase was not assessed.  Similarly, Sharma and Schrivastava (2004) assessed the incidence 
and effect of jet lag through a questionnaire and found that 61.2% of cabin crew found 
westward travel (USA) easier than eastward travel (Far East).  Studies on recovery after the 
return flight are infrequent. However, Lowden and Akerstedt (1999) monitored sleep in long-
haul cabin crew over nine days using actigraphy and a sleep/wake diary before, during 
layover and four nights after a round trip to the east (Stockholm - Tokyo). They found that 
while both objective and subjective parameters of sleep were altered during layover, 
adaptation rates to local time were difficult to measure in crew as layovers were short (e.g. 48 
h) and only involve partial adaptation. For example, during layover, sleep duration was of 
normal length but of reduced SE (from 90.9% baseline to 85% on the second night). 
Adaptation rates after returning home are more relevant for cabin crew to measure the speed 
of recovery after circadian disruption. To this end, Lowden and Akerstedt (1999) found that 
falling asleep during the first recovery sleep at base was easier than baseline consistent with 
an advance of the circadian rhythm required following eastward travel. However, ease of 
rising from sleep, waking alertness and feeling refreshed on wakening were poor throughout 
the four recovery days back at base. Such problems are more consistent with a phase delay of 
the rhythm required following westward travel. For example, crew attempt to sleep longer to 
adapt to the lengthened day in the west resulting in sleep loss back at home where adaptation 
to home time require a phase advance. However, circadian function was not assessed by 
Lowden and Akerstedt (1999). Therefore, they speculated that crew may have been exposed 
to an initial phase delay of the rhythm during layover if participants were exposed to bright 
light before circadian low (about 4:00 h, see Section 2.5 on light PRC). An alternative 
explanation is that increased morning sleepiness back home may have been the product of 
lack of recovery from special work characteristics such as night work, accumulated sleep loss 
and long wake spans which will be discussed in the next section. Interestingly, objective 
measures of sleep recovered more rapidly than subjective ones. For example, actigraphy-
derived sleep efficiency (SE) and sleep onset latency returned to baseline levels on the second 
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recovery sleep. The relationship between objective measures and perceived symptoms of jet 
lag will be discussed in Section 2.12.  
 
2.8.3 Causes of Sleep Loss in Aviation 
Despite individual differences in sleep need, 8-hour sleep has been defined as optimal sleep 
required for optimal function (Pressman & Orr, 1997). There is evidence in the general 
population that 8-hour sleep may not be achieved as a result of increased work demands (24-
hour society) and changes in lifestyle, with implications for wellbeing and performance.  For 
example, in the UK a survey by the Sleep Council (2013) found that 70% of the respondents 
(5007) sleep seven hours or less per night and that one third only get five to six hours per 
night, an increase of 7% since 2010. There is evidence that short sleep episodes on work and 
school nights  and long sleep episodes at the weekend can lead to chronic sleep loss (sleep 
debt) and decrements in performance (Cohen et al., 2010, Section 2.8.6.8). In aviation, sleep 
disturbance associated with circadian disruption is compounded by different factors such as 
working at night (in conflict with our body clock of rest/activity) changing shifts (e.g. 
outbound day flights alternate with inbound night flights), extended hours, work load and the 
opportunity for in-flight rest and recovery sleep during layover and at base. All these factors 
may restrict sleep on an ongoing basis and whilst total sleep deprivation is rare (Buysse et al., 
2003), there is evidence that chronic sleep loss (five hours per night for more than five 
nights) is a major source of fatigue and performance decrements. According to Belenky and 
Akerstedt (2011), the short-term effects of sleep loss (hours and days) lead to decreased 
performance and errors, incidents and accidents. In the mid-term (weeks and months), sleep 
loss affects decision making  and planning whilst in the long term (over years) it impacts on 
the regulation of glucose metabolism diabetes and cardiovascular disease.  
 
2.8.4 Summary 
Rapid travel across time zones forces sleep to be taken out of the optimal circadian phase 
such that the quality and quantity of sleep that cabin crew obtain may be of poor quality and 
quantity. Sleep disruption is a major contributor to the increased fatigue and impaired 
cognitive performance among shift workers and long-haul crew reviewed in the next section.   
 
2.9 Fatigue in Long-haul Operations 
In aviation, operational fatigue can be best explained as the function of sleep/wake history 
(time awake and sleep loss), circadian timing (time of day, Figure 2.6) and workload (time on 
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task, task intensity and task complexity, Figure 2.7) (Belenky & Akerstedt, 2011). Although 
fatigue and sleepiness overlap, operational fatigue differs from sleepiness as it is alleviated by 
rest or changing the task in principle but not necessarily by sleep (e.g. an individual may feel 
fatigued but not sleepy) whereas sleepiness is relieved by sleep. Tiredness is associated with 
lack of energy and motivation in proportion to the task and can be alleviated by rest or sleep 
(Olson, 2007; Waterhouse et al., 2007). When interviewed, short-haul pilots attributed fatigue 
to sleep deprivation and workload while long-haul pilots attributed it to circadian disruption. 
However, both groups believed that night flying, early wake ups, multiple flights with 
insufficient recovery breaks were the main causes of fatigue (Caldwell, 2005). Despite the 
schedule of rest onboard and during layovers, sleep away from base before a duty often relies 
on the ability to sleep out of phase (e.g. during the day in the Far East) with great difficulties 
(section 2.6.5). Therefore, sleep loss before a night duty can result in 19 to 22-hour 
continuous wakefulness in commercial aviation resulting in daytime sleepiness, fatigue and 
decreased performance (Caldwell, 2005). A survey of 190 cabin crew (Nagda & Koontz, 
2003) showed that tiredness and lack of energy were higher following long-haul ( 52.8%, 
22.8%, respectively) than short-haul (31.7%,12.7%) and ground control duties (35.0%, 
9.0%). Haugli, Skogstad and Helleøy (1994) showed that the largest differences between how 
cabin crew are affected by long-haul and short-haul flights occurred in the sleep and mood 
ratings.  Sleep problems were 27.7% for short-haul versus 61.6% for long-haul, fatigue was 
52.9% for short-haul versus 74.1% for long-haul, easily tired was 29.5% for short-haul versus 
42.3% for long-haul and irritability was 23.6% short-haul versus 43.1% for long-haul. 
Adaptation of symptoms may take several days. Waterhouse et al., (2000) found that 
subjective fatigue visual analogue scale (VAS) persisted for six days whilst a fall in 
concentration and motivation and an increase in irritability recovered by Day 4 following a 
London – Sydney flight.  However, fatigue was assessed by a single item that used both the 
terms „fatigue‟ and „tiredness‟. This may have resulted in high levels of random error 
variance due to the different meanings assigned to the wordings by the respondents (Loge, 
Ekerberg, & Kaasa, 1998).  
  
2.9.1 Chronic Fatigue 
Differentiating sleepiness, fatigue and tiredness has important implications for diagnosis. In 
clinical medicine fatigue refers to an abnormal deterioration of performance during psychic 
or physical tasks, as exemplified in chronic fatigue syndrome (CFS). The emphasis is on the 
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degree and persistence of symptoms such as tiredness, weakness, physical and mental 
exhaustion in the absence of any excessive expenditure of energy or effort as cause. Fatigue 
is the defining symptom is CFS but it is also common in the general population and other 
conditions such as cancer, multiple sclerosis (MS) and Parkinson‟s disease and depression. 
The implication is that chronic sleep disruption may lead to the experience of chronic fatigue 
in long-haul cabin crew. A longitudinal study (Huibers et al., 2004) assessed the risk factors 
associated with the development of CFS among 12000 employees and found that fatigue, 
exhaustion, low education, visits to the GP and occupational physician and bad self rated 
health predicted CFS cases.  According to the International Classification of Sleep Disorders-
2 (American Academy of Sleep Medicine, 2005, pp 130-131), the diagnostic criteria for Jet 
Lag Disorder are that „there is a persistent or recurrent pattern of sleep disturbance due 
primarily to alterations of the circadian timekeeping system‟ leading to insomnia and 
excessive sleepiness and impairment of social, occupational and other areas of functioning.  
Existing tools for assessing fatigue in long-haul operations have relied on the use of 
subjective measures of sleepiness such as the Epworth Sleepiness Scale (eight items, on a 4-
point Likert scale, about situation that may or may not induce sleep, Johns, 1991) and the 
Karolinska Sleepiness Scale (9-point scale ranging from 1 = extremely alert to 9 = extremely 
sleepy/fighting sleep, Akerstedt  & Gillberg, 1990) whilst cognitive performance has been 
assessed to evaluate the effects of sleepiness, fatigue and sleep loss discussed in Section 
2.9.2.  
 
2.9.1.2 Subjective Measures of Chronic Fatigue: The Chalder Fatigue Scale 
The Chalder Fatigue Scale (CFQ, Chalder et al., 1993) was developed for hospital and 
community studies of patients with CFS and consists of 11 items (originally 14) measuring 
fatigue symptoms underlying two dimensions:  physical fatigue (e.g. lack of energy, feeling 
weak, less muscle strength, need to rest), and mental fatigue (e.g., concentration, memory). 
Subsequent studies replicated this underlying structure (Loge et al., 1998; Cella & Chalder, 
2010).  The scale has been validated against the Revised Clinical Interview Schedule (CIS-
R) and a cut-off score of four or more (of 11, „binary‟ scoring) identifies a fatigue case 
(Chalder et al., 1993). The scale has been used to assess fatigue in the general population and 
it is able to effectively discriminate between clinical and non clinical fatigue. For example, 
Cella and Chalder (2010) found that a composite score of 29 (of 33, „Likert‟ scoring) 
discriminated reliably between CFS sufferers and the community sample in 96% of cases and 
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a score of 30 or more discriminated in 100% of cases.  Mean composite scores in a 
community population (n = 1.615) were 14.2 (SD = 4.6) versus 24.4 (SD = 5.8) in patients 
with CFS. Mean „binary‟ scores in a community population (n = 1.615) were 3.27 (SD = 
3.21) versus 9.14 (SD = 2.73) in 274 patients with CFS. The CFS sufferers also scored a 
mean of 26.99 on the Work and Social Adjustment Scale (W&SAS) with a SD of 8.6 (e.g. 
about 70% scoring between 18.4 and 35.6). Morriss et al. (1998) examined the reliability of 
the scale in CFS patients and found that the 14 fatigue items loaded onto four dimensions: i) 
cognitive difficulties   ii) tiredness and sleepiness; iii) strength and endurance and iv) loss of 
interest and motivation. Factor 1 (cognitive difficulties) was significantly associated with 
subjective everyday minor cognitive difficulties such as impaired concentration as measured 
by the CIS-R and impaired performance on the paired associate learning task. Factor 2 
(tiredness and sleepiness) was significantly associated with difficulties in maintaining sleep. 
Factor 3 (strength and endurance) correlated negatively with grip strength in both hands, 
peak heart rate and oxygen consumption on exercise at peak functional work capacity. Factor 
4 (loss of interest and motivation) correlated significantly with current major depression as 
measured by DSM-III-R (Diagnostic and Statistical Manual of Mental Disorders Revised, 
third edition) and the self-rated HADS (Hospital Anxiety and Depression Scale). Despite 
some limitations, such as the fact that the sample used was part of a randomized controlled 
trial and therefore may not have been representative of CFS patients (Cella & Chalder, 2010), 
the strength of this scale is in conceptualizing fatigue as multidimensional. In addition its use 
in the general population suggests that it is a useful tool for assessing fatigue in a variety of 
settings and it also allows for comparisons between studies.  
 
2.9.2 Objective Measure of Fatigue, Sleepiness and Wakefulness   
Cognitive performance is not just a function of sleepiness but the result of an interplay 
between fatigue (time on task) sleepiness (sleep history) and circadian timing (e.g. alertness). 
As it is not always possible to assess individuals in real life settings, researchers have 
developed surrogate methods to assess performance.   
 
2.9.2.1 The Psychomotor Vigilance Task (PVT) 
For example, the Psychomotor Vigilance Task (PVT) is a reaction time (RT) test typically 
administered in the laboratory on a computer that assesses vigilance (wakefulness, alertness 
and attention) and is therefore sensitive to sleep deprivation, circadian timing and workload 
as defined by time on task (Belenky & Akerstedt, 2011). The test requires responding to a 
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stimulus that appears on the screen by pressing the designated button. The latency to the 
button press represents the participant‟s score on the test. The typical reaction time for a well-
rested person is 250 milliseconds whereas 500 milliseconds indicate lapsed attention 
(Belenky & Akerstedt, 2011).  A typical PVT lasts 10 minutes where stimulus presentation (8 
- 10 stimuli) occurs at 2- to10-second random intervals each minute. The advantages of the 
PVT include no practice or IQ effects and its effectiveness at detecting lapses in attention.  A 
slight lapse in attention results in a missed response (error of omission) even in rested 
individuals therefore PVT is highly sensitive to total sleep deprivation and sleep restriction, 
circadian periodicity, and time on task (workload). Indeed, many studies have manipulated 
various conditions in the laboratory (e.g. time awake, time on task and time of day) and found 
a strong relationship between sleep loss (sleep/wake cycle), workload (fatigue) and time of 
day (circadian cycle) and performance on the PVT (Buysse et al., 2003; Belenky & 
Akerstedt, 2011). Of interest are three phenomena that have been uncovered by manipulating 
the effects on PVT performance.  
 
2.9.2.2 Interaction of Time Awake, Time of Day and Time on Task on Performance 
Of importance for alertness are the combined effects of length of wakefulness, time of day 
(circadian rhythm) and workload on performance.  Wesensten, Belenky, Thorne, Kautz and 
Balkin (2004) examined the effects of fatigue on a 10-minute PVT administered every two 
hours in 49 young healthy non-smoking individuals who were sleep deprived for 42 hours. 
They found that overall performance declined across the 10-minute PVT (response time each 
minute represented by a black dot, Figure 2.7) whether individuals were well rested or sleep 
deprived (turquoise ellipses in Figure 2.7). However, a linear decline in performance with 
sleep loss (time awake, red line in Figure 2.7) was also noted. Furthermore, the sinusoidal 
circadian rhythm (in green, Figure 2.7) modulated this decline in performance caused by 
increased time awake and time on task so that performance was worse during circadian low 
(e.g. nadir of BCT and peak of melatonin).Taken together the results showed that the 
sleep/wake cycle and circadian timing interact to amplify performance decrements caused by 
time on task (fatigue).   
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Figure 2.7. The effects of fatigue (a combination of time on task, time awake and time of 
day) on PVT speed (expressed as the inverse of reaction time (1/RT).  
2.9.2.3 Effects of Consolidated, Split and Fragmented Sleep on Performance 
Fortunately, total sleep deprivation in aviation is rare. However, research has shown that the 
type of sleep obtained can also affect performance. Consolidated sleep is typical of entrained 
individuals whereby one sleep bout (e.g. seven to eight hours) at night is obtained during a 24 
hour cycle. Split sleep (two or three bouts in 24 hours) is typical of shift workers or long-haul 
cabin crew whereby sleep during layovers or back at base may be partially achieved at night 
and during the day. Interestingly, a study showed that performance did not differ across 
nocturnal sleep, anchor sleep (part nocturnal sleep) and daytime sleep indicating that 
performance was stable as a function of total sleep regardless of how the sleep was split 
(Mollicone, Van Dongen, Rogers, & Dinges, 2008). However, highly fragmented sleep 
impacted upon performance such that its recuperative effects were abolished (Bonnet & 
Arand, 2003). Fragmented sleep is defined as recurrent waking every two or three minutes 
(Belenky & Akerstedt, 2011).  In addition, sleep broken by a brief awakening every 20 
minutes (three times per hour) was identified as the crossover point at which a sleep bout 
retains its recuperative value. That is, consolidated sleep and split sleep have similar 
restorative effects as long as sleep is not highly fragmented (below the 20 minutes intervals).  
 
2.9.2.4 Effects of Chronic Sleep Loss on Performance 
In long-haul operations, the accumulation of sleep loss over time however can lead to 
chromic sleep loss (sleep debt) and chronic fatigue with deleterious effects on performance. 
Evidence suggests that individuals can adapt to getting less sleep (e.g. split versus 
consolidated sleep, Mollicone et al., 2008) and that recovery may just take making up for the 
lost night or restricted night sleep by a single extended sleep episode (Cohen et al., 2010). 
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However, Belenky et al., (2003) manipulated sleep time opportunity (9, 7, 5 and 3 hours) 
over seven days to examine the effects of sleep loss over time (chronic) on performance. The 
results showed a clear sleep dose dependent effect on PVT performance such that 
performance was markedly worse in the 3-hour sleep opportunity group. In addition, while 
the PVT performance in the 3-hour sleep restriction group continued to decline across the 
experimental phase, the performance of the 5- and 7-hour sleep restricted groups stabilised 
after two days of sleep restriction. Finally, during the three recovery sleep episodes, vigilance 
performance of the three restricted sleep groups did not return to baseline levels. Overall, the 
results indicated that individuals adapt and maintain a lower level of performance following 
sleep restriction with important implications for safety in settings such as aviation. Similarly, 
Cohen et al. (2010) used a forced desynchrony study (circadian timing differs from the 
sleep/wake cycle) whereby the usual sleep/wake ratio was reduced from 1:2 to 1:3.3 (the 
durations of both sleep and wake episodes were increased to ten hours and 32.85 hours 
respectively). As a result, sleep and wake episodes were distributed across all circadian 
phases which allowed for measurement of the effects of acute (one continuous extended 
waking) and chronic sleep loss (insufficient sleep over multiple days, 21 calendar days 
contained 12 cycles of the 42.85-hour sleep/wake schedule) at different times of the circadian 
day and night. The results showed that after ten-hour sleep opportunities individuals appeared 
to recover from acute and chronic sleep loss as sleep  consistently restored vigilance 
performance for several hours of the waking period in both the acute and chronic sleep 
conditions. However, chronic sleep loss amplified the rate of deterioration in performance 
across wakefulness, particularly during the circadian low (nadir). Therefore, extended 
consecutive hours awake during the circadian night uncover the cumulative detrimental 
effects of chronic sleep loss on performance. This data suggests that despite the apparent 
restorative value of a sleep bout following extended wake, chronic sleep loss reduces one‟s 
ability to cope with circadian desynchrony from jet lag or shift work as exemplified by the 
inability to counter the detrimental effects of extended waking at the inappropriate time of 
day (circadian low). Alertness and performance reach their nadir at night during peak sleep 
propensity and close to the low point of BCT and melatonin acrophase. 
 
2.9.2.5 PVT in the Field 
The PVT is considered an added metric as it is not intrinsic to the workplace as simulated 
lane deviation in driving or flying in a simulator may be for the transport industry (embedded 
metric). The use of accidents reviews and modelling (e.g. air crashes) have also revealed the 
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influence of sleep homeostasis, circadian timing and fatigue on alertness and the resulting 
incidence of errors in the cockpit for example (Belenky & Akerstedt, 2011). Nevertheless, 
added metrics such as the PVT are a useful tool in research where assessing real life impaired 
performance may be impractical and dangerous (e.g. commercial aviation). Therefore, whilst 
PVT results are not necessarily representative of real life (e.g. crew dealing with 
emergencies), they can provide an indication of impaired alertness and vigilance in 
individuals affected by jet lag and fatigue. To assess performance in the field, firstly, 
researchers developed means of administering the PVT by using portable computers 
programs (e.g. PVT-B, Basner, Mollicone, & Dinges, 2011) or smartphone applications 
(Gartenberg, Forest & Therrien, 2012).  Secondly, researchers validated a shorter PVT in 
controlled laboratory studies of sleep deprivation as the standard 10-minute PVT was 
considered impractical in the field. The 3-min PVT was found to discriminate between sleep 
deprived and alert subjects (Basner et al., 2011). However, effects sizes for PVT outcome 
measures (medium to large) were larger for the 10-min PVT than the 3-min PVT. 
Nevertheless, when compared to the 70% decrease in time duration, the loss of 22.7% in 
effect size was considered acceptable (Basner et al., 2011). Overall, there were fewer lapses 
in the 3-min PVT than in the 10-min PVT but when the threshold was lowered from 500 ms 
to 355 ms, results showed no differences in sensitivity to sleep loss between the 10-min and 
the 3-min PCT. Similarly, Roach, Dawson and Lamond, (2006) assessed the sensitivity of a 
5-minute PVT to measure the effects of fatigue compared to the 10-minute PVT in the 
laboratory. They found that the effects of extended waking on neurobehavioural performance 
was similar for the 5-minute PVT and 10-minute PVT and concluded that the shorter PVT 
was a reasonable alternative to the 10-minute PVT. Gartenberg et al. (2012) validated a 
smartphone PVT application called sleep-2-Peak in the field and found that sleep times 
(longer sleep and later bed and rise time) correlated with PVT performance. The relationship 
was stronger in the morning suggesting that the application is sensitive in detecting variation 
of alertness during the day. Roach, Petrilli, Dawson and Lamond (2012) used the PVT in the 
field to assess the impact of layover length on pilot performance during flight operations and 
recovery following a return flight. They monitored 19 male pilots (10 captains, 9 first 
officers) i) four days prior to the trip; ii) during an eastward flight of 13.5 hours across seven 
time zone with a layover of either 39 hours (e.g. short, n = 9) or 62 hours (e.g. long, n = 10); 
iii) during a return westward flight of 14.3 hours across seven time zones, and iv) four days 
off at home after the trip. Sleep was recorded using a self-report sleep diary and wrist activity 
monitor, subjective fatigue levels were measured using the Samn-Perelli Fatigue Checklist 
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and alertness was assessed using a 5-minute PVT by PalmPVT, a small hand-held electronic 
device. To evaluate the effects of layover length (short, long) on the amount of sleep that 
pilots obtained during the trip and on the pilots‟ subjective fatigue levels and capacity to 
sustain attention, mixed-model regression analyses were employed. The results showed that 
there was no main effect of layover length for ground-based and in-flight sleep. However, 
pilots who had a short layover at the midpoint of their trip demonstrated significantly lower 
alertness (1/RT) and reported significantly higher subjective fatigue levels than pilots who 
had a long layover. The data indicated that while a short layover during a long-haul trip may 
not substantially disrupt pilots‟ sleep, it may result in decreased alertness during and after the 
trip. The results suggested that short layovers may not provide adequate opportunity for the 
recovery of sleep.  
 
2.9.3 Summary 
Research into the effects of fatigue, circadian disruption and sleep deprivation on 
performance has used the PVT, an objective measure of vigilance and attention widely used 
in the lab and in the field. Such research has revealed that an important factor in maintaining 
alertness in operational settings (e.g. long-haul flying) is the total amount of sleep obtained in 
24 hours regardless of whether sleep episodes are split. However, fragmented sleep has a 
negative impact on performance and alertness. These findings have important implications 
for guidance to crew on how to sustain alertness during night flights for example. However, 
cabin crew may be affected by chronic fatigue due to repeated exposure to circadian 
misalignment and sleep deprivation. Therefore, measures that assess chronicity, such as the 
validated CFQ (Chalder et al., 1993), are needed to address the question of whether cabin 
crew are affected by chronic fatigue.    
 
2.10 Diet and the Circadian Rhythm 
As well as light, circadian rhythms can be synchronised to a 24-hour cycle by non-photic 
stimuli such as temperature, activity and arousal states, social cues and scheduled feeding 
(Mistlberger & Rusak, 2000). In recent years much research has focused on understanding 
the relationship between the circadian rhythm and diet especially in view of the link between 
jet lag (and shift work) and metabolic syndrome. Most of the evidence regarding the mutual 
interaction between diet/nutrition and circadian rhythm comes from animal studies which 
have identified a separate master oscillator called the food entrainable oscillator (FEO, 
Stephan, 2002) in mammals. Of central importance is that the FEO is synchronised by food 
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timing and nutritional factors and is able to regulate the circadian system independently of the 
SCN.  For example, studies have shown that scheduled food was able to shift circadian 
behavioural rhythms. After a few days of food entrainment, mice showed anticipatory 
responses to food (changes in locomotor activity) which were independent of photic 
entrainment (light/dark cycle). That is, when the light/dark cycle was replaced by constant 
light (LL) or constant dark (DD), the photically entrained rest-activity rhythms free ran 
(slightly longer than 24 hours) while the food-anticipatory wheel running kept to a 24-hour 
rhythm. Thus, two distinct circadian rhythms were observed. Also, the fact that a phase shift 
in feeding time (e.g. 3 – 6 hours in the daytime) changed mice behaviour from nocturnal to 
diurnal indicated that non-photic as well as photic stimuli have an important role in the 
entrainment of circadian rhythms. In fact, scheduled feeding (SF) can affect many other 
physiological rhythms such as body temperature, blood glucose, hormonal release, liver 
glycogen and clock gene expression in many tissues without the SCN (Shibata, Tahara, & 
Hirao, 2010). This was supported by the finding that food anticipatory activity (FAA) and 
other circadian rhythms in mice persist despite ablation of SCN (Stephan, 2002). Thus, 
circadian rhythms can adapt to the timing of food alone. In addition, FAA was enhanced 
following SCN lesioning suggesting that the SCN may normally inhibit the FEO.  
 
2.10.1 Evidence for a Food-related Clock in the Brain  
Assuming that the FEO drives FAA, many studies have attempted to locate the FEO by using 
lesions or site-specific clock gene knockouts to assess the extent to which FAA was 
suppressed by a specific clock or brain structure. Some studies have shown that the 
dorsomedial hypothalamic nucleus (DHM) is a key site for the entrainment to circadian 
feeding schedule (Mendoza et al., 2005) and a study by Fuller and colleagues (2009) seems to 
support this notion. They found that mice with a null mutation of the circadian clock gene 
Bmal 1 lacked food entrainable circadian rhythms and that restoration of Bmal 1 expression 
in the dorsomedial hypothalamus is capable of restoring FAA.  However, Mistlberger and 
colleagues (2009) have criticized the reliability and validity of these results on the basis of 
methodological weaknesses as better designed studies have only altered the FAA but have 
failed to abolish it. Taken together such evidence suggests that different brain structures 
connected to peripheral organs are involved in food entrainment and the FEO may be 
regulated by more complex mechanisms than the SCN (Mendoza et al., 2005). 
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2.10.2 Evidence of FEO in Peripheral Oscillators  
Alternative explanations of the effects of food intake on the circadian rhythm come from 
recent research in gene expressions which revealed the existence of peripheral clock in 
virtually every cell of the body (Reddy et al., 2005). Evidence suggests that clock genes in 
peripheral tissues can be phase shifted by daytime scheduled feeding. Researchers argue that 
while the SCN is the master clock, peripheral oscillators help adjust the daily rhythmic 
functions of organs. For example, in mammals, the circadian oscillator (SCN) regulates 
feeding behaviour to 24 hours, even under constant environmental conditions (e.g. DD). 
However, oscillations in organs such as the liver (e.g. hepatic transcripts), are also influenced 
by the hepatic circadian oscillator. Vollmers et al. (2009) monitored temporal patterns of 
feeding and hepatic transcription during different protocols of feeding and fasting in circadian 
clock-deficient mice. Food availability during night and day generated about 3,000 oscillating 
transcripts. However, about 300 different transcripts in the liver continued to oscillate 
following the absence of feeding. Food restriction (e.g. during the day when mice should be 
sleeping) restored rhythmic transcription of hundreds of genes in oscillator deficient mouse 
liver. The researchers concluded that both temporal pattern of food intake (driven by the 
SCN) and the circadian clock in the liver drive rhythmic transcription. Hara et al. (2001) also 
showed that a 7-hour shift in the LD cycle (advance) with no change to scheduled feeding 
which occurred at night (mice) was able to synchronize the SCN to the new LD cycle except 
for peripheral clocks.  This is an important finding as it highlights that while the SCN‟s 
primary zeitgeber is light, peripheral clocks are sensitive to non-photic stimuli such as such 
as food consumption. The implication is that circadian disruption may be caused by 
desynchrony between the master and peripheral clocks in terms of contrasting signals with 
potential adverse effects on metabolism.  That is, food consumption tells the body it is time to 
be active, conversely the dark tells the body it is time to sleep (when the body regulates 
glucose release and burns fat) resulting in an uncoupling of the two clocks with implications 
for metabolism, such as glucose tolerance, fatty acid synthesis and breakdown, cholesterol 
production and liver function. For example, a study demonstrated that nocturnal mice who 
received a high fat diet in the daytime weighed more than mice who were fed high fat diet 
during the night (Arble et al., 2009). Similarly, an interesting study showed the importance of 
meal type and time of day for obesity and diabetes with possible applications to humans. 
Hatori et al. (2012) showed the when the 12-hour night was divided in to three sections: 
breakfast, lunch and dinner every four hours, mice who were fed a high fat diet at dinner 
weighed  more and showed glucose intolerance compared to mice who were fed a normal 
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diet. This suggests that eating habits and regular meals are important for maintaining body 
weight. In humans, skipping breakfast and eating after 20:00 h have been associated with the 
risk of obesity (Shibata et al., 2010).  
 
2.10.3 Relationship Between Diet, Time of Day and Circadian Rhythms 
Animal research has therefore focused on identifying the best time to eat to maintain the body 
clock. Researchers have manipulated different feeding conditions to assess the response of 
peripheral clocks. For example, it was found that one meal per day synchronised the 
peripheral clocks at different times (Hirao et al., 2010). It was also found that long meal 
starvation (e.g. food given after 16 hours of starvation) was better at fixing the time of the 
circadian rhythm than a short meal starvation (e.g. 8 hours). In an attempt to apply the finding 
to human habits, Kuroda et al. (2012) found that three meals a day (breakfast at 8:00 h, lunch 
at 12:00 h and dinner at 20:00 h) fixed the phase of peripheral clocks in mice according to 
meal interval. More importantly, when dinner time was changed from 20:00 h to 22:00 h and 
23:00 h, the phase of the clock was advanced (occurred earlier). Kuroda et al. (2012) argued 
that longer fasting between lunch and dinner was able to anticipate peripheral clock phase. To 
reduce this effect, dinner was divided into two small meals at 19:00 h and 23:00 h which 
caused the timing of the peripheral clocks to return to normal.  The results suggest that 
feeding time has important circadian resetting properties and that when we eat as well as 
what we eat has major implications for health.  Animal studies can be criticised for the limits 
in providing explanations that can be extended to human behaviour. However, they are 
important for providing some evidence for the existence of separate pacemakers that mediate 
photic and non-photic zeitgebers in humans. The synchronization of the different clocks by 
regular LD cycle and food regimens has implications for the wellbeing of our circadian 
system and for the treatment of circadian disorders such as jet lag (Mendoza et al., 2005). The 
negative consequences for eating out of phase with the circadian rhythm in humans are 
discussed in the next section.   
 
2.10.4 Consequences of Disruption to Food Intake in Humans 
In humans, evidence from epidemiological studies showed that jet lag and shift work are a 
high risk factor for metabolic disorders such as obesity and diabetes (Morikawa et al., 2005; 
Niedhammer, Lert, & Marne, 1996). One of the reasons may be that shift workers tend to 
snack on crisps and chocolate rather than eat healthy food (Crispim et al., 2007). However, 
field studies of food intake have shown that altered feeding habits and metabolic dysfunction 
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may be the consequence of an unadjusted body clock to night work. For example, 
Waterhouse and colleagues (2003) found that shift workers reported an increased feeling of 
being overfull and bloated and incidence of indigestion when a meal was eaten at night 
compared to a similar meal eaten during the daytime. There is also evidence that shifted meal 
times following time-zone transitions affected the subjective responses of food intake such 
that appreciation of food was altered (Waterhouse et al., 2000; 2004). In addition, evidence 
suggests that sleep duration affects hormones involved in the regulation of appetite (the 
desire to eat) such as leptin and ghrelin. Made by adipose cells, leptin is a hormone involved 
in the homeostatic regulation of energy intake (it has anorexinogenic effects) whereas ghrelin 
is a gut petptide that stimulates hunger. These hormones are released by peripheral organs to 
signal appetite in the brain.  Laboratory induced sleep deprivation (e.g. 4 hours in bed) has 
been associated with increased levels of ghrelin and increased perceived hunger and appetite 
(Spiegel, Tasali, Penev, & Van Cauter, 2004a; Schmid, Hallschmid, Jauch-Chara, Born, & 
Schultes, 2008) and decreased levels of leptin and increased subjective hunger (Spiegel, et 
al., 2004b). This would seem to suggest that sleep deprivation is associated with increased 
hunger, appetite and eating. However, when caloric intake was not restricted during sleep 
deprivation, studies found that leptin levels were either unaffected (Schmid et al., 2008) or 
increased (Reynolds et al., 2012) suggesting that leptin-related hunger depends on adequate 
energy intake rather than sleep duration. However, circadian desynchrony was not measured 
in these studies. When circadian and sleep disruption were measured, Buxton and colleagues 
(2012) found that compared to baseline, 24-hour leptin was slightly lower and ghrelin was 
slightly higher indicating a combination of sleep and circadian disruption may contribute to 
increased hunger and appetite. In entrained individuals, variation in hunger ratings may 
reflect the diurnal variation in metabolic hormones. In humans as well as rodents, plasma 
leptin shows a strong circadian rhythm. The acrophase occurs during the dark cycle whilst the 
nadir occurs during the light phase (9:00 h – 12:00 h, Schoeller, Cella, Sinha, & Caro, 1997) 
of a 24-hour day. Schoeller and colleagues (1997) found that the diurnal rhythm of plasma 
leptin was delayed following a delay in the timing of three daily meals in entrained L/D 
conditions but not following the sleep deprivation protocol (same subjects). These findings 
suggest that leptin was entrained by meal timing rather than the LD cycle and that a shift in 
eating patterns typical of jet lag or shift work could contribute to appetite ratings  to be out of 
phase with the LD cycle. This would seem to reflect the existence of peripheral oscillators 
which respond to temporal food intake and are likely to uncouple from the master clock 
which is set by light   The health implications of eating out of phase (during circadian night) 
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have been shown by Van Cauter et al. (1989) who in a constant routine
3
 protocol found that 
participants‟ glucose levels were higher at night-time compared with daytime following a 
constant glucose infusion for 30 hours. Furthermore, Hampton et al. (1996) and Ribeiro et al. 
(1998) found that glucose tolerance at night depends on the influence of macronutrient 
content of a meal consumed previously. Following a forced 9-hour phase advance,  
participants had higher glucose and insulin response to a test meal given at the same clock 
time (e.g. 13:30 h which corresponds to a body clock time: e.g. 22:30 h) when the preceding 
meal had a high fat content as opposed to a low fat (high carbohydrate) content. In addition, it 
was found that it took two days for these adverse metabolic responses to normalise. More 
recently, Buxton et al. (2012) showed that three weeks of sleep restriction (5.6 hours per 24-h 
period) with concurrent circadian disruption (28-hour circadian days – reflecting 4 hours of 
jet lag accumulating each day) altered postprandial glucose levels, considered pre-diabetic as 
a result of insufficient insulin after a meal. Metabolic responses returned to normal after nine 
days of re-entrainment of the sleep wake schedule and recovery of sleep, demonstrating the 
long term effect of circadian misalignment for metabolic dysregulation and the incidence of 
diabetes and obesity. The implication is that food intake at the appropriate time of day has 
important implications for wellbeing. For example, a study found that changing the time in 
which food was eaten affected the degree of weight loss. Early eaters (before 3 pm) lost more 
weight and faster than the late eaters independently of diurnal preference and despite similar 
energy intake, dietary composition, estimated energy expenditure, appetite hormones and 
sleep duration (Garaulet et al., 2013). This study suggested that a change in meal times can 
alter metabolism and body weight.  
 
2.10.5 Adaptation of Food Intake After Time-zone Transitions 
Immediately after a simulated time-zone transition towards the east (8-hour change), 
Waterhouse et al. (2005a) found changes in the patterns of food intake in terms of the 
frequencies of eating a meal, the type of meal eaten and subjective responses to it. Meals 
were eaten less frequently in the afternoon (local time) on both control and experimental 
days.  On control days, participants were more likely to eat substantial meals (e.g. small and 
                                                 
3
 The constant routine controls for period changes in behaviour associated with the sleep-wake cycle (e.g. 
participants are kept awake, in the same posture, with low level of activity and evenly distributed food/calorie 
intake during night and day)  and the environment  (participants are exposed to constant light and temperature) 
to isolate the circadian component of the measure investigated. The assumption is  that by removing the effects 
of the environment and  the masking effects of the sleep-wake cycle related behaviours  on the rhythmicity of 
the physiological variable measured, the contribution of the endogenous component of the circadian rhythm is 
revealed (Duffy & Dijk, 2002) 
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large hot meal) at lunchtime (between 11:00 h and 14:00 h) and dinner time (between 17:00 h 
and 20:00 h). However,  in the first post-shift day the distribution of frequency  changed 
significantly so that substantial meals were eaten between 8:00 h and 11:00 h local (00:00 h-
03:00 h, UK time) and between 20:00 h and 23:00 h (12:00 h -15:00 h, UK time), which is 
evidence of a disrupted rhythm in feeding/fasting. The distribution of meals was no longer 
different from control days by the third post-shift day reflecting adaptation of the body clock. 
Similarly, Waterhouse et al. (2005a) found that changes in subjective responses to a meal 
(e.g. fall in hunger before a meal) were marginally significant on Day 1 and Day 2 post-shift. 
This data was also observed in the field (post London – Sydney flight) where hunger before, 
enjoyment during and satiety after a meal were not significantly different from „normal‟.  As 
subjective estimates of jet lag and indigestion (VAS) took longer to adjust (over three days) 
than patterns of food intake in  the field and simulated studies of jet lag, and responses to a 
meal did not predict subjective jet lag, Waterhouse et al. (2000; 2004; 2005a) concluded that 
food intake had a weak endogenous component.    
 
2.10.6 Circadian Effects on Subjective Responses to Food Intake 
Further evidence of a weak endogenous component of food intake came from a forced 
internal desynchrony
4
 study by Waterhouse et al. (2004). They found that the main reason for 
not eating („not hungry‟), consumption of breakfast (start of the waking day), lunch (middle 
of the waking day) and dinner (end of the waking day) was influenced by the new imposed 
day length (18.67-hour waking period) rather than the endogenous component (free running 
period of the temperature rhythm). For example, choice of a hot meal and subjective 
responses to it (hunger before, enjoyment during and satiety after a meal) were the same 
regardless of the phase of the clock (circadian rise, peak, fall and nadir). Waterhouse et al. 
(2007) concluded that food intake is more dependent on the waking schedule rather than 
circadian influences and that food intake readjusted more quickly because behaviours with a 
larger exogenous component adapt more quickly that those behaviours with a larger 
endogenous component such as mood, mental performance and sleep (Waterhouse et al., 
2007). In contrast with Waterhouse et al.‟s findings (2000), Scheer, Morris and Shea (2013) 
demonstrated that subjective hunger (VAS, not at all/extremely) had a large endogenous 
circadian rhythm in a forced desynchrony study with the nadir at 8:00 h and the peak at 20:00 
                                                 
4
 Participants were exposed to longer sleep-wake cycles (e.g. 28 hours) and other time cues are removed  so that 
the circadian timing is between 24 and 26 hours (e.g. BCT) is uncoupled from the sleep wake cycle and the 
effects of these two components on the behaviour investigated can be measured. 
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h. The contrasting results may be due to methodological differences. Scheer and colleagues 
(2013) controlled for the effects of meal times on hunger whilst in Waterhouse et al‟s study 
(2004) subjects were free to choose whether, what and when to eat.  Thus, Waterhouse et al.‟s 
results (2004) may be explained by the fact that appetite is related to peripheral oscillators 
which respond to changes in eating times (during waking) rather than the central clock which 
is regulated by light (e.g. Shoeller et al., 1997). 
  
2.10.7 Effect of Meal Type on Subjective Food Intake 
Waterhouse et al. (2004; 2005a; 2005b; 2006) also found that meal type is an important 
determinant of food intake with small (lunch) and large hot meals (dinner) being associated 
with increased hunger before, enjoyment during and satiety after a meal. However, this 
increase was more marked on control days than experimental days post simulated shift 
(Waterhouse et al., 2005a) indicating some influence of abrupt time-zone transitions on 
subjective responses.  The association between dinner (large hot meal at the end of the 
waking period) and better responses (hunger, enjoyment and satiety after a meal) may reflect 
the endogenous circadian rhythm in hunger which peaks in the biological evening (Scheer et 
al., 2013). However, this is likely to also reflect cultural habits as in the Western cultures 
dinner is the largest meal of the day (McMillan, 2001). Meal times are also social occasions 
and responses to meals are likely to be affected by a disruption to social life and habits 
observed in shift work and jet lag (Waterhouse et al., 2003). In a forced desynchrony study, 
Heath and colleagues (2012) found that severely sleep-deprived subjects (4-hour sleep 
opportunity per 24 hours) ate more snacks between meals during the „biological day‟ 
(circadian peak) than moderately sleep-deprived subjects (6-hour sleep opportunity per 24 
hours). This suggested that altered feeding habits, associated with severe sleep restriction, is 
likely to disrupt the perception of hunger, palatability and satiety after main meals. However, 
it is widely accepted that appetite has also a strong psychological component. Crum, Corbin, 
Brownell and Salovey (2011) tested whether ghrelin levels following food consumption were 
affected by subjects‟ mindsets. Ghrelin is secreted in the stomach in response to low levels of 
energy intake and transported to the brain to signal a sensation of hunger. Following food 
consumption, ghrelin levels are suppressed signaling to the brain to reduce appetite.      
During the experiment, subjects were led to believe that they had consumed either a 
„sensible‟ milkshake (140 Kcal) or an „indulgent‟ milk shake (620 Kcal) when in fact the 
milkshakes were identical in calorie content. Subjects with an „indulgent‟ mindset had a 
significant decrease in ghrelin levels whereas ghrelin levels were unaffected in subjects with 
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a „sensible‟ mindset. This suggested that the effect of food consumption on ghrelin was 
mediated by subjects‟ perceptions and that beliefs and expectations determined physiological 
responses to food. Mindset did not affect subjective hunger but this may have been because 
hunger perception was measured 10 minutes before a change in ghrelin levels. Whilst eating 
three meals a day may be a cultural phenomenon and food consumption is affected by 
perceptions not just sensations, research has shown that regular eating is an important cue for 
maintaining the circadian system in synchrony in order to optimize physiological functions 
(e.g. Mistlberger & Rusak, 2000; Stephan, 2002; Shibata et al., 2010). 
 
2.10.8 Summary 
Evidence from animal studies suggests that food intake behavior is influenced by the 
circadian rhythm (SCN) and in turn food timing affects circadian peripheral oscillators such 
that researchers have speculated that circadian disruption may be the result of a desynchrony 
between the two clocks in terms of contrasting signals. For example, feeding affects 
peripheral oscillators and tells the body to be active whilst light, in the case of nocturnal rats, 
tells the body (SCN) to be passive with implications for long term effects (metabolic disease). 
In humans, feeding behavior is more complex as it is affected by different variables such as 
meal type (e.g. cold snack versus hot meal) sleep times, availability of food and culture and 
perceptions. However, evidence from lab and field studies suggest that eating out of circadian 
phase has a negative effect on metabolism as shown by glucose intolerance of shifted 
individuals and altered appetite hormones and subjective appetite. Further, a recent study in 
humans (Garaulet et al., 2013) found that successful weigh loss was predicted by the time of 
day food was consumed. Taken together these findings suggest that in addition to what we eat 
there is evidence that when we eat has important implications for health.  
 
2.11 Individual Differences in Tolerance to Circadian Desynchrony 
Evidence seems to suggest that one third of people do not get jet lag, one third suffer minor 
disruption but one third suffer a great deal and this susceptibility seems to be related to 
several personality traits such as diurnal type, neuroticism and trait emotional arousal 
(Suvanto et al., 1993a; Ellis, 2007). Such factors may mediate tolerance to jet lag by allowing 
the individual to sleep out of circadian phase for example, thus minimising the impact of jet 
lag. Thus, it may be that some individuals are asymptomatic despite circadian misalignment. 
For example, a study found no relationship between circadian phase as measured by 
melatonin peak (aMT6) and sleep quality in 15 night workers (Benhaberou-Brun, Lambert, & 
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Dumont, 1999). Similarly, using the DLMO to assess the degree of adaptation to seven nights 
of work, a study found that phase ranged from no shift of the DLMO to complete adaptation 
(Sack et al., 2007).  There are well known risk factors in the literature which mediate jet lag 
and others that are less explored and understood. Specifically, differences in the way long-
haul crew make sense of jet lag (e.g. cognitions) may have important implications for 
circadian misalignment and wellbeing.  For example, night workers with a higher degree of 
work satisfaction (Roden, Koller, Pirich, Vierhapper, & Waldhauser, 1993) and with better 
socialising strategies around shift work rated themselves more positively in relation to 
psychological wellbeing, sleep quality, shift work satisfaction and social life satisfaction 
(Henderson & Burt, 1998) and kept their diurnal orientation of the melatonin rhythm (Roden 
et al., 1993). Such evidence indicates that psychological factors may be important for high 
tolerance to jet lag.   
 
2.11.1 Phase Tolerance Risk Factors 
2.11.1.2 Diurnal Preference   
There is also considerable variation in circadian adaptation between individuals according to 
their genetic chronotype (Katzenberg et al., 1998), defined as the person‟s preference for the 
timing of sleep and activities assessed by self-reported questionnaires (e.g. Horne & Ostberg, 
1976). However, some researchers argue that circadian melatonin phase assessment is a better 
tool for assessing circadian preference (Griefahn et al., 2002).  Thus, individuals can be 
classified as morning types, intermediate (or neither) or evening types. There are marked 
differences in circadian phase between morning and evening types. For example, DLMO and 
melatonin acrophase occur three hours earlier in morning types than evening types (Griefahn 
et al., 2002). Consequently, preferred sleep times and bed times are also different such that on 
average morning types retire 99 minutes earlier than evening types and rise 114 minutes 
earlier than evening types (Horne & Ostberg, 1976). There is no difference in sleep length 
between types. Most of the literature seems to suggest that evening types adapt more easily to 
new schedules than morning types as they have a tendency to phase delay which is 
compatible with the natural free running circadian rhythm (Roach et al., 2002). For example, 
evening types vary their sleep times considerably to up to 10 hours at the weekend (sleep 
extensors) whereas morning types show less flexibility, particularly in relation to rising time 
(Taillard, Philip & Bioulac, 1999). This inability to adapt to new schedules (e.g. sleep during 
the day) make morning types more vulnerable to jet lag. However, research has also shown 
that sleep patterns vary considerably between week days and weekends (social jet lag) and 
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that evening types may be more at risk of being sleep deprived than morning types (Taillard 
et al., 1999) thereby affecting their tolerance to jet lag.  For example, during the week 
evening types accumulate a sleep debt as a result of late bed times and early rise times, in 
conflict with their ideal rising time. Conversely, morning types are better adjusted to the 
working week due to their natural tendency to phase advance (earlier sleep and rising times). 
As a result, evening types suffer from higher levels of sleepiness than morning types during 
the working day (Volk, Dyroff, Georgi, & Pflug, 1994). However, Taillard et al. 1999 found 
no significant difference in daytime sleepiness between types (matched for age, gender and 
employment status) regardless of the sleep debt accumulated by evening types, suggesting 
that the flexibility of weekend sleep may have restorative value. In addition, there is evidence 
of a relationship between eveningness and novelty seeking behaviour and impulsivity (Caci, 
Robert & Boyer, 2003), poor eating behaviour and psychological problems (Lucassen et al., 
2013). This may further exacerbate jet lag symptoms in evening types through poor health 
behaviours. Furthermore, based on past research, Waterhouse et al. (2002) estimated that 
morning types adapt more easily in phase advancing (east travel) as it corresponds to their 
natural preference for earlier schedules while evening types adapt more easily in westward 
travel for their natural tendency to phase delay (Suvanto et al., 1993). However, they found 
no chronotype effect in circadian adaptation (subjective symptoms of jet lag) following a 
flight to Sydney which they argue may be related to the fact that 78 out of 85 subjects were 
intermediate types (masking factor).  An alternative explanation is that adaptation may not 
always follow circadian preference or travel direction. When the body clock adapts in the 
opposite direction to that of the shifted LD cycle, this is called antidromic re-entrainment (in 
the „wrong direction‟, Eastman & Burgess, 2009). This response is more common as a result 
of a flight to the east but with a time change of eight hours or more (Eastman & Burgess, 
2009).    
 
2.11.1.2 Age  
Circadian adaptation also seems to be age related. With age, sleep becomes fragmented and 
Sleep Efficiency declines (58% in over 60) and SWS is also reduced. Sleep problems may 
also be secondary to medical problems (Pressman & Orr 1997). Decline in sleep performance 
with age can be attributed to a change in circadian rhythmicity due to lower amplitude of 
many cycles including temperature, melatonin and sleep/wake regulation observed under 
entrained and free-running conditions (Mistlberger & Rusak, 2000). Another effect in ageing 
is the advance phase of entrainment which results in shorter circadian phases, earlier waking 
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up times and shorter sleep durations (Mistlberger & Rusak, 2000). The implication is that 
circadian adaptation to transmeridian flight may be exacerbated by increased susceptibility to 
sleep disturbances associated with age. However, there is evidence that suggests that older 
individuals cope better with sleep loss and disruption because of the decreased need to sleep 
(Pressman & Orr, 1997). Suvanto et al. (1993a) found that older cabin crew who were 
evening types (phase delay) showed better adaptation after a flight to the east than younger 
cabin crew who were morning types (phase advance). The finding suggests that evening types 
show better adaptation to east travel (opposite to their natural tendency to phase delay) and 
this is contrary to the rationale put forward by Waterhouse et al. (2002) but in line with other 
research that shows evening types are generally more adaptable to phase shifts than morning 
types (Roach et al., 2002). However, it may be that age has masked the hypothesised effect of 
eveningness on reduced adaptation to east travel.  To this end, it is important that age is 
controlled for in studies examining circadian adaptation.   
 
2.11.2 Summary 
A third of the population do not suffer from jet lag and this variability seems to be related to 
biological factors such as diurnal preference (genetic basis) and age. However, evidence 
regarding diurnal preference is inconsistent. While evening types are thought to adjust better 
to changes in day length and delayed sleep, morning types are better at coping with „social jet 
lag‟. Thus, recovery from jet lag during days off may be slower in evening types than 
morning types.   
 
2.12 Psychological Aspects of Circadian Disruption 
As seen in Section 2.11 there is some evidence about a link between personality (e.g. 
neuroticism, diurnal preference), job satisfaction, work-life balance strategies and tolerance 
to jet lag. However, the psychological aspects associated with circadian disruption and 
adaptation are less understood. Jet lag is mainly framed in the literature by circadian rhythm 
theory as a physiological problem (e.g. the inability of the body clock to adjust to rapid 
changes in the LD cycle) that may have an impact on psychological wellbeing (e.g. incidence 
of depression). This position is very much in line with the biomedical model whereby the 
mind and body are split and illness may have psychological consequences, but not 
psychological causes (Ogden, 2012, p. 5). However, Health Psychology challenges the mind-
body dichotomy by arguing that our beliefs about health and illness influence the cause and 
the treatment of illness (Norman, 2005; Ogden, 2012). As a result, illness is not just the result 
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of pathological processes but can be explained in a meaningful way by psycho-social factors. 
A major limitation of the medical model is the inability to explain medically unexplained 
symptoms such as fatigue, pain, heart palpitations, IBS which in the UK account for up to a 
fifth of all GP consultations (Kirmayer, Groleau Looper, & Dao, 2004; Rief & Broadbent, 
2007), therefore psychological explanations have an important role in providing insight into 
possible factors that predispose and prolong jet lag. Thus, it may be that long-haul cabin 
crew‟s circadian rhythm is disrupted (as measured by a phase shift of the melatonin rhythm) 
but they are asymptomatic. On the other hand, it may be that cabin crew present more 
subjective symptoms than objectively verifiable markers of circadian disruption. Whilst the 
biological root of jet lag cannot be ignored, its relationship with psychological factors is 
largely neglected in the literature and needs to be explored. This thesis will therefore address 
this gap in the literature. The implication is that psychological factors may mediate the 
experience of jet lag in long-haul cabin crew and possible dissociation between objective and 
subjective jet lag may further exacerbate the experience of jet lag in long-haul cabin crew and 
recovery from it. Therefore, an understanding of how crew represent jet lag may help explain 
how they cope and adapt to it with consequences for their wellbeing. To simplify, a crew 
member may believe she or he may not have any control over the condition and employ 
behavioural strategies that exacerbate circadian disruption (e.g. unhealthy sleep behaviour or 
diet). It is widely recognised that illness perceptions are important determinants of outcome 
(subjective experience, capacity to cope and recovery) in a variety of health contexts (Hagger 
& Orbell, 2003). However, illness perceptions have never been investigated in the context of 
circadian disruption.  This thesis will address the gap in this area.  
 
2.12.1 Illness Representations and the Self-Regulatory Model (SRM) 
Whilst jet lag is not an illness, it is considered to be a „syndrome‟ which may be chronic for 
those who travel back and forth across multiple time zones like airline cabin crew (ISCD, 
2001). The Self-regulation Model (SRM, Leventhal et al., 1980) views individuals as active 
problem solvers who, when faced with a threat to their health, engage in identifying the 
problem, using strategies to try to reduce symptoms and return to „normal‟ functioning. The 
SRM suggests that individuals seek to understand their illness threat by developing an 
understanding of what the illness is, what causes it, how long it will last, its consequences 
and whether it can be treated. This common sense belief (or illness representation) is the 
product of personal experience (physical symptoms and emotions) as well as social 
influences from interactions with family and friends and healthcare providers. The SRM has 
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been applied to the understanding of health related behaviour and several conditions such 
coronary heart disease, CFS, human immunodeficiency syndrome (HIV), diabetes self 
management, medical adherence and cancer and there is strong evidence from such studies 
that individuals reduce their health risk and adapt to their illness in ways consistent with their 
own illness representations (Hagger & Orbell, 2003). Given the validity and utility of the 
SRM within the domain of chronic illnesses, this thesis will aim to extend the application of 
this framework to understand how cognitions and emotions relate to perception of jet lag and 
guide subsequent coping behaviour and recovery from jet lag. The process of regulating one‟s 
illness involves three stages: symptom perception, coping and appraisal (Figure 2.9) and the 
next sections will focus on how the theoretical components may conceptually be applied to 
jet lag.    
 
 
 
 
 
 
 
 
 
 
Figure 2.8. Leventhal‟s Self-Regulatory Model (SRM) (Ogden, 2012).  
2.12.2 Stage 1 of the SRM: Jet Lag Symptom Perception 
In Stage 1, cabin crew would be engaged in making sense of the jet lag based on their 
perception of the symptoms (e.g. sleepiness, fatigue, sleep disturbance, gastrointestinal 
problems) and from social messages as a formal diagnosis (e.g. circadian rhythm sleep 
disorder) or from lay diagnosis made from family, friends and colleagues (e.g. „you look jet 
lagged, you need to sleep‟). Through symptom perception cabin crew become aware that 
something has deviated from the norm and are then motivated to return to a normal state. 
This involves assigning meaning to the problem and will contribute to the development of 
illness beliefs, based around five dimensions: identity, (frequency and prevalence of jet lag 
symptoms), the causes of jet lag (e.g. disruption to body clock), the social, physical, 
psychological, and financial consequences of jet lag (e.g. impact on well-being and 
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relationships); the timeline (e.g. jet lag lasts one, two or three days after the trip or beyond), 
and the extent to which the illness can be controlled or treated (e.g. „I can deal with jet lag‟).  
At the same time the perception of symptoms will lead to changes in the emotional state of 
cabin crew (e.g. „my jet lag disrupts my personal/social relationships‟) resulting in anxiety, so 
any coping strategies have to relate to both illness beliefs and emotional state. Indeed, 
associated features of jet lag are social and occupational dysfunction related to a decrease in 
alertness and performance (American Academy of Sleep Medicine, 2005) and disruption to 
the work-life balance, (Eriksen, 2006). To understand how illness cognitions relate to the 
experience of jet lag both variables need to accessed. The next sections will therefore review 
how common sense beliefs and subjective jet lag may be measured in the field.   
 
2.12.2.1 Measuring Illness Perceptions: The IPQ-R 
Whilst interviews may be preferable as they capture the complexity of illness perceptions, 
more practical tools have been developed for assessing perceptions in the field. The revised 
Illness Perception Questionnaire (IPQ-R, Moss-Morris et al., 2002) is an extension of the 
original version (IPQ, Weinman, Petrie, Moss-Morris, & Horne, 1996) which was developed 
to assess the five dimensions of illness representation. The IPQ-R includes the measurement 
of emotional representations and others subscales (the cyclical nature of timeline perceptions 
and the illness coherence concerned with the understanding of the illness). In general, the 
questionnaire requires participants to rate a series of statements that reflect the seven 
dimensions of illness perceptions. It has been used and validated in a wide range of physical 
health problems, such as rheumatoid arthritis (Scharloo et al., 1999), diabetes (Griva, Myers, 
& Newman, 2000) heart disease (Petrie, Weinman, Sharpe & Buckley, 1996) and chronic 
fatigue syndrome (Moss-Morris, Petrie & Weinman, 1996). The evidence suggests that the 
IPQ-R is a valid tool for measuring illness cognitions described by Leventhal and colleagues 
(1980). There are good intercorrelations among the SRM illness perceptions but with no 
multicollinearity, indicative of conceptual overlap. For example, identity is strongly and 
negatively associated with the cure/control dimension but positively related to beliefs about 
the chronicity and serious consequences of an illness. That is, individuals who report many 
symptoms tend to view their illness as uncontrollable, chronic and with serious consequences. 
On the other hand, individuals who believed they could control their illness considered their 
illness as being less chronic with fewer serious consequences. This conceptual relationship is 
further evidence that individuals use common patterns to organise their illness beliefs 
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(Hagger & Orbell, 2003). The next section will explore how jet lag symptoms have been 
assessed in the field.  
 
2.12.2.2 Measuring Subjective Jet Lag: The Liverpool Jet Lag Questionnaire 
Waterhouse and colleagues (2000) explored the subjective perception of jet lag and the 
symptoms believed to be associated with it, which include daytime fatigue, decreased sleep 
quality/quantity, loss of appetite, feeling bloated, decreased mental performance and 
increased irritability using the Liverpool Jet Lag questionnaire. They used a VAS and 
symptoms were assessed up to five times a day („compared to normal‟) based on the notion 
that perception of jet lag may vary during the course of the day. One problem with past 
research is that jet lag was assessed once a day and failed to detect time of day changes 
associated with the circadian rhythm (24-hour cycle). However, they found that while the 
assessment of jet lag did not vary significantly during the day, daytime fatigue was raised 
significantly between Day 1 and 4. In entrained individuals, fatigue would be expected to be 
higher in the evening before retiring matching the decline in BCT and rise in melatonin. 
Therefore, fatigue at the inappropriate time of day was deemed to be a symptom of the 
shifted body clock. The lack of time of day changes for jet lag however, suggested that the 
subjective perception of „global jet lag‟ may be different from objective markers of jet lag 
which have a clear cyclical pattern. This would seem to support the notion that there is no 
direct correspondence between what is going on in the body (e.g. out of phase hormones) and 
perceived symptoms. On the other hand, it may be that it is easier to perceive fatigue or sleep 
disturbance than „out of phase hormones‟ as they are more overt signs and individuals tend to 
associate jet lag with fatigue and sleep disturbance (Arendt et al., 2000). Research in the field 
and in the laboratory has in fact used both subjective and objective measures of sleep and 
fatigue extensively (e.g. sleep diary and actigraphy, and fatigue scales and the PVT). The 
importance of fatigue and sleep in predicting subjective jet lag was indeed demonstrated by 
Waterhouse et al. (2000) who found that mean fatigue scores were the strongest predictor of 
subjective jet lag at all time points and accounted for 29% of the variance. Sleep disturbance 
(earlier waking and decreased alertness after 30 minutes) predicted jet lag at 8:00 h 
accounting for 22% of the variance. Jet lag during the daytime was predicted by a fall in the 
ability to concentrate (mood) and diet (feeling bloated after eating) accounting for 28% and 
2% of the variance in jet lag scores, respectively. Furthermore, Waterhouse et al. (2000) 
observed that following a flight to the east across ten time zones, subjects‟ perceptions 
adapted at different rates. For example, jet lag, fatigue and earlier waking appeared to have 
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similar adaptation rates as they lasted for five days or more. Jet lag persisted for six days 
while fatigue and earlier waking returned to normal by Day 6.  Instead, unbroken sleep and a 
fall in concentration returned to normal on Day 4 while an increase in irritability and 
disrupted bowel activity were no longer significantly different from 0 by Day 3. Motivation 
returned to normal by Day 2. This is in line with studies of cabin crew jet lag which found 
that some subjective ratings of sleep performance did not return to baseline levels following a 
return trip for four days (Lowden & Akerstedt, 1999). However, other variables such as 
alertness 30 minutes after waking, lateness of getting to sleep and attitudes to meals (hunger, 
palatability and satiety) did not show a significant change during the six adaptation days. 
According to Waterhouse et al., (2000; 2007), symptoms adapted at different rates because 
they reflected „different relevant contributions from the body clock and the direct effects of 
the new time zone‟ (Waterhouse et al., 2000, p. 1516).  As seen in Section 2.10.5 some 
physiological rhythms are more closely related to the circadian rhythm in that they have a 
strong endogenous component (e.g. dim light melatonin rhythm is less affected by activity, 
sleep times), others are more closely related to the sleep/wake cycle (e.g. growth hormone) 
and therefore have a larger exogenous component (e.g. influenced homeostatic factors). 
Waterhouse et al. (2007) argued that rhythms that have larger exogenous components (e.g. 
food intake, physical exercise) seem to adjust more quickly than sleep, mood and mental 
performance which have a large endogenous component, hence the difference in adaptation 
rates among symptoms. This data is supported by simulated studies of jet lag where food 
intake showed earlier adaptation than jet lag (Waterhouse et al., 2005a). Thus, Waterhouse 
and colleagues (2007) concluded that the weak relationship between food intake responses 
and jet lag is further evidence that food intake does not have a large endogenous component.  
However, subjective jet lag was evaluated after a single transmeridian flight.  It may be that 
exposure to repeated rapid travel across time zones affects the speed of adaptation of food 
intake symptoms in cabin crew. As described previously, altered postprandial profiles of 
glucose, following three weeks of simulated disrupted sleep and circadian rhythms, did not 
return to normal for nine days, suggesting that prolonged durations of circadian disruption 
may have different implications. Indeed, the link between shift work, jet lag (e.g. eating 
during the time of suboptimal glucose and lipid tolerance) and gastrointestinal problems, 
obesity and diabetes is now well established (Buxton et al., 2012).  
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2.12.2.3 Influences on Perception of Jet Lag and its Symptoms 
As adaptation of symptoms to the east is related to the process of adjustment of the circadian 
rhythm, it is not surprising that Waterhouse and colleagues (2000) found that sleep problems 
were worse in the new time zone (e.g. from 21:00 h) at a time when the circadian rhythm was 
in the rising phase (e.g. from 12:00 h in the home time zone when BCT is high and melatonin 
low). As previously described, sleep attempted in this phase is associated with longer sleep 
onset, broken and shorter sleep. Indeed, participants reported difficulty falling asleep (Day 1 
post-flight), fragmented sleep (four days post-flight) and premature waking for six days. 
However, there may be factors other than those associated the process of adjustment of the 
body clock that may affect the report of symptoms. In line with this idea evidence has shown 
that demographic factors, mood (e.g. stress, anxiety), cognitions and the social context can 
influence symptom perception. For example, women tend to report a higher number of 
symptoms than men (Michel, 2007). Stress and anxiety also seem to be associated with 
increased frequency of symptoms reporting. In an interesting experiment, stress was 
manipulated (exposure to a psychological stressor versus no-stress control condition) to 
assess the subjective and objective ratings of reflux (Wright et al., 2005). The results showed 
that anxiety in the stress condition led to increased subjective symptoms but no increase in 
actual reflux.  This data seems to suggest that the dissociation between objective and 
subjective ratings may be mediated by stress (Wright et al., 2005). Cognition may also have 
an impact on symptom perception exemplified by the placebo effect, whereby patients‟ 
expectations of recovery following placebo treatment reduced symptom perception (Haas et 
al., 1959). This is important as it highlights that recovery from subjective jet lag may be 
influenced by crew‟s expectations to be better on the last day off before their next duty. 
Finally, the social context has also been shown to have an important role in the report of 
symptoms. Cross-cultural research and epidemiological studies have revealed cultural 
variations in patterns of symptoms reported as well as their frequency. For example, 
headaches are prevalent in western countries and lower in developing countries and Latino 
Americans tend to report more symptoms than African American and European American 
psychiatric patients (Minsky et al., 2003). Taken together, evidence suggests that the 
interpretation and reporting of symptoms is likely to be influenced by several factors possibly 
interacting with each other. Therefore, assessing subjective jet lag must take into account the 
impact of such variables for a better understanding of jet lag among crew.      
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2.12.3 Stage 2 of the SRM: Coping with a Health Threat   
The second stage in the SRM involves individuals developing and identifying appropriate 
coping strategies to deal with a health threat. While strategies to alleviate jet lag are often 
under investigation (e.g. light exposure and sleep hygiene, Arendt et al., 2000, 2005, see 
Section 2.13), to date, the interaction between coping skills and jet lag have been largely 
ignored. Coping is a broad concept but there are many distinctions or groupings within this 
concept (Carver & Connor-Smith, 2010). Some coping responses may be involuntary and 
automatic (Carver & Connor-Smith, 2010), however, it is difficult to make a distinction 
between involuntary and voluntary responses as with time and repetition responses that 
initially  require intention and effort may become automatic.   
 
2.12.3.1 Dimensions of Coping  
Coping skills can be categorised as problem-focused versus emotion-focused coping (Lazarus 
& Folkman, 1984). Problem-focused coping is aimed at doing something to change a difficult 
situation while emotion-focused is aimed at reducing the emotional response. While difficult 
situations elicit both ways of coping, problem-focus coping tends to be used when the person 
is constructively doing something to alter the problem as the situation is appraised as 
amenable to change, while emotion-focused coping is employed when people seek to 
minimise the negative emotions associated with the stressor as the situation is appraised as 
not being amenable to change.  The latter include venting negative emotions, rumination, 
avoidance and wishful thinking. These two coping styles are interrelated and best thought of 
as complementary. For example, as a result of employing effective emotion-focused coping 
emotional distress is diminished, enabling the individual to cope with the problem calmly 
(better problem-focused coping). Certain responses such as seeking emotional support may 
serve either problem- or emotional-focused coping depending on their purpose (advice versus 
emotional reassurance) (Carver & Connor-Smith, 2010). Coping skills can also be 
categorised as approach versus avoidance. Engagement or approach coping involves dealing 
with the stressor and its associated emotions. The behaviours grouped in approaching coping 
are problem-focused and emotion focused (e.g. seeking social support, cognitive 
restructuring). On the other hand, avoidance coping is aimed at minimising, denying or 
ignoring the existence of a problem.  This response is often emotion-focused as the goal is to 
avoid feeling stressed. It is considered ineffective especially in the long term as with time a 
problem may become more difficult to deal with and maladaptive as it is associated with 
increased psychological distress (Carver, Scheier, & Weintraub, 1989) 
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2.12.3.2 Assessing Coping  
Carver and colleagues (1989) argued that the distinction between two types of coping: 
problem- and emotion focused coping (e.g. embedded in the Ways of Coping scale, Folkman 
& Lazarus, 1980) is too simple. The problem with broad classifications of coping is that 
problem-focused or, more recently, approach coping are seen as theoretically adaptive 
(Carver et al., 1989) as people believe that something can be done about an illness whilst 
emotion-focused or avoidance coping is seen as maladaptive as people believe that they have 
to endure or avoid the problem.  However, as dealing with a condition also elicits emotional 
representations (Leventhal et al., 1980) it may be more appropriate to argue that both 
problem/emotion focused and approach/avoidance coping may be useful in the adaptation to 
some illnesses. For example, as cabin crew have to deal with both disruptions to physical and 
emotional wellbeing (jet lag, personal/social relationships) a variety of coping strategies may 
be used to cope with jet lag. For example, avoiding/ignoring feelings of fatigue may enable 
an individual to keep a social engagement which in turn will impact on the control/cure 
dimension of jet lag and reduce the ratings of jet lag and its symptoms during days off.  On 
the other hand, the negative impact of fatigue on dealing with a social engagement may 
further exacerbate the perception of jet lag and its symptoms. To address the problems of 
broad classifications, Carver et al. (1989) devised a multidimensional coping inventory, 
COPE, which assesses 14 different strategies to cope with a difficult situation, a more 
sensitive measure of coping.  Five scales (of four items each) measure theoretically different 
aspects of problem-focused coping (Active coping, Planning, Suppression of competing 
activities, Restraint Coping, Use of instrumental social support and growth); six scales 
measure aspects of emotion-focused coping (Use of emotional social support,  Positive 
reinterpretation, Acceptance,  Denial, Religious coping, Humour) and four scales measure 
coping responses that are arguably dysfunctional (Mental disengagement, Focus on and 
venting of emotions, Behavioural disengagement, Substance use). The implication is that 
controllable stressors may be more appropriately dealt with problem focus coping strategies 
whereas uncontrollable stressors may be best dealt with coping that is aimed at reducing the 
distress. For example, venting emotions may be functional if a person is going through a 
period of mourning, however, if a person focuses on these emotions its use is dysfunctional 
as psychological adjustment is affected (Carver et al., 1989). Unlike, Ways of Coping, which 
is empirically based, COPE has the advantage of being theoretically based. Carver et al. 
(1989) were guided by Lazarus and Folkman‟s model of stress (transactional model, 1984) 
and goal based theory (Carver & Scheier, 1988) which emphasises the goal-directed nature of 
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behaviour. Motivational processes aim to attain a goal and move away from threats. 
However, not all behaviour results in intended outcome as there is a notion of expectancy 
(confidence versus doubt) that influences whether the outcome will be attained successfully. 
In addition, individuals may give up or scale back on their goals. Scaling back involves 
partial disengagement (restricted goal) resulting in a potential for successful outcomes 
(Carver & Connor-Smith, 2010). 
 
2.12.3.3 Stress and Coping 
Broadly speaking, coping can be defined as the way in which people manage stressful 
situations by preventing, diminishing threat, harm, loss and distress associated with the 
stressor (Carver & Connor-Smith, 2010).  "Stress involves a perceived discrepancy between 
the demands of the situation and the resources of the person" (Sarafino, 2002, p. 134) and 
individuals respond by "constantly changing cognitive and behavioural efforts to manage 
specific external and/ or internal demands that are appraised as taxing or exceeding the 
resources of the person" (Lazarus & Folkman, 1984, p.19). The implication is that coping 
mediates wellbeing. Indeed, Lazarus and Folkman (1984) found that differences in coping 
strategies were associated with adaptation to chronic pain. Campbell and Bagshaw (2002) 
argued that stress associated with flying arises from three sources: 
i) Stress from normal events during flying operations; 
ii) Psychological stress as well as emotional, financial and domestic issues; 
iii) Stress related to the physical and mental demands associated with the operation of an 
aircraft.  
The working environment of cabin crew is riddled with potential stressors including the 
quality of the air, dehydration and the demanding schedule of long-haul operations with 
continued time-zone change in a short period of time. A survey of flight crew indicated that 
outbound flights were considered more stressful than return flights with night flying and 
flight duration being rated as having the highest impact (Samel, & Wegmann, 1997). In 
addition,  the fleeting nature of working relationships (constantly changing crews) and being 
away from home with potential disruption to personal relationships may contribute to feelings 
of loneliness, in particular feeling lonely within a crowd (Eriksen, 2006).  A study of coping 
styles, found that the mental health of cabin crew was related to lack of autonomy at work, 
fatigue and lack of sufficient social support (Eriksen, 2006) indicating that the support of 
family and friends is important in helping crew deal with psychosocial stressors.   
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2.12.3.4 Stress, Coping and Wellbeing in Long-Haul Operations 
The negative consequences of stress caused by chronic circadian disruption was 
demonstrated by Cho et al. (2000) who showed that cortisol, a biochemical marker of stress, 
was higher in long-haul cabin crew compared to short-haul cabin crew (same subjects) and 
ground staff and that this increase was associated with lower cognitive abilities (working 
memory accuracy and reaction times) linked to reduced brain temporal lobe (Cho et al., 
2001). Glucocorticoids (GC) are hormones that play a vital role in the adaptive responses to 
physical and psychological stress under the control of the hypothalamic-pituitary-adrenal 
axis.  A growing body of evidence suggests that not only the level of circulating GC, but also 
its temporal rhythm (controlled by the SCN and peripheral clocks) plays a significant role in 
human health and disease. In normal conditions, cortisol levels are high in the morning and 
low in the evening as shown by its circadian rhythm (Figure 2.4). However, chronic temporal 
disruption (e.g. sleep deprivation, Figure 2.4) to its regulation, associated with chronic 
circadian desynchrony (night-time eating and sleep deprivation), are strongly linked with the 
onset of metabolic syndrome (diabetes, high blood pressure and obesity, Chung, Son, & Kim, 
2001). To simplify, in response to stress, CG are secreted to prepare the body for a fight-or-
flight response by flooding it with glucose, supplying an immediate energy source to large 
muscles. Elevated CG levels caused by chronic dysregulation (stress) can therefore lead to 
increased blood sugar levels and the incidence of diabetes (Chung et al., 2001). In a 
qualitative study on the impact of work stress on cabin crews‟ mental health and their coping 
strategies, Eriksen (2006), found three major threats to cabin crew wellbeing. The first theme 
that emerged in Eriksen‟s analysis of in-depth interviews with eight long-haul cabin crew is: 
i) the experience of jet lag and fatigue which, combined, result in accumulative sleep debt 
and pose the most serious threat to ill health in aviation psychology (Eriksen, 2006); ii) the 
constant striving to balance work with life outside of work made difficult by the experience of 
irregular patterns (e.g. having to choose between sleep restoration and personal, social and 
other professional commitments, Eriksen, 2006), and iii) the experience of disruptions to 
social and personal relationships in terms of difficulty in forming and maintaining 
relationships with partners and friends  because of prolonged absences from home which 
often lead to habitual maladaptive responses (e.g. over compensation for absences, such as 
buying gifts or avoiding confrontation with a partner, Eriksen, 2006). Eriksen (2006) argues 
that cabin crew engage in a complex higher order decision making process (central executive) 
in order to maintain a balance between the lower level processes (jet lag and fatigue, lifestyle, 
personal and social relationships). This study suggests that the ability to cope with the 
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stressful nature of the role as cabin crew mediates their wellbeing. That is, cabin crew‟s 
wellbeing will depend on the ability of the central executive to successfully allocate limited 
resources to various tasks simultaneously and avoid goal conflict (Eriksen, 2006). Eriksen 
(2006) believes this idea is similar to that of Kahneman‟s (1973) limited capacity processor.  
 
2.12.3.5 Measuring Stress 
The types of measurement used in research clearly depend on the definition of stress 
proposed. According to the Transactional Model of Stress (Lazarus & Folkman, 1984), stress 
occurs when an imbalance exists between a perceived stressor and the individual's perceived 
ability to deal with the stressful event. Therefore, the focus is on the dynamic interaction 
between the stressor and the response and the individual‟s perception of this interaction. 
Unlike measures of the stimulus alone (e.g. life events) and the response alone (e.g. 
physiological indices of stress, Cho et al., 2000) the interactional measures are more 
comprehensive.  For example, interactional measures such as self-report and mood adjectives 
checklists (e.g. the Stress-Arousal Checklist, SACL, Mackay, Cox, Burrows & Lazzerini, 
1978) differentiate between arousal and stress (certain activities may cause heightened 
arousal without raising stress) and include the individual's perception of stressful situations.  
„The stress factor can be envisaged as an internal response to the perceived favourability of 
the external environment‟ and „the arousal factor can be seen as a representation of ongoing 
autonomic and somatic activity‟ (Mackay et al., 1978, p. 284). The next section will examine 
the SRM stage of appraisal in response to a health threat.  
 
2.12.4 Stage 3 of the SRM: Appraisal 
The last process in the SRM is appraisal whereby the individual evaluates the health threat 
following the use of coping strategies. The three processes are not linear: for example, the 
knowledge of an adequate coping response may cause the individual to re-evaluate the threat 
as less threatening and may impact on illness perceptions and outcome. On the other hand, a 
less successful coping response may lead the individual to reassess the level of threat and/or 
the suitability of the coping response. In turn, redefined illness cognitions and coping 
strategies influence adjustment to illness, explored in the next section.     
 
2.12.5 Illness Perceptions, Coping and Outcome 
Illness perceptions have been found to significantly predict coping, adherence to treatment, 
and psychological and functional adaptation (Moss-Morris et al., 2002). A meta-analytic 
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review (N = 45) of illness cognition, coping and outcome (Hagger & Orbell, 2003) suggests 
that perceived cure/control is broadly related to problem-focused coping, cognitive 
reappraisal and seeking social support but not to avoidance/denial. On the other hand, 
identity, consequences and timeline showed moderate to strong positive correlations with 
denial and expression of emotions. Furthermore, timeline was positively associated with 
cognitive reappraisal. The meta-analysis also revealed that illness cognition dimensions 
related to illness outcome. As hypothesised, consequences, identity and timeline subscales 
showed strong negative relationships with psychological well-being, role functioning, social 
functioning and vitality While consequences and identity were also strongly and negatively 
related to physical functioning, timeline did not show a significant relationship with this 
outcome. Consequences, identity and timeline also exhibited a significant and positive 
relationship with psychological distress. This is consistent with hypotheses that individuals 
who perceived their illness to have serious consequences, a chronic timeline and a strong 
identity tended to score low on adaptive and high on maladaptive illness outcomes. On the 
other hand, controllability of illness was positively associated with psychological well-being, 
social functioning and vitality and negatively related to psychological distress and disease 
state. For example, Moss-Morris et al. (1996) investigated the role of illness perceptions in 
patients coping with CFS and found that patients who thought that their illness had serious 
consequences had higher scores on denial and behavioural disengagement. In addition, 
patients who believed their illness was out of their control, caused by stress and had very 
serious consequences were most disabled and psychologically impaired. Hagger and Orbell 
(2003) also noted that apart from the cure/control dimension, the rest of the illness cognitions 
did not relate to objective disease state measures, further supporting the notion that there is no 
direct relationship between subjective and objective markers of illness. Overall, however, 
Hagger and Orbell (2003) concluded that the meta-analysis provided support for the existence 
of theoretically predictable relations between illness cognitions, coping and outcomes across 
studies.  
 
2.12.6 Social Support 
As described in Section 2.12.3.4, jet lag is associated with disruption to personal and social 
relationships (Eriksen, 2006). There is also evidence that individual differences in tolerance 
to jet lag and shift work may be related to individuals‟ work satisfaction (Roden et al., 1993, 
Section 2.12). Specifically, Henderson and Burt (1998) found that amongst 22 nurse shift 
workers, those who adopted socialising strategies (successfully structuring family and social 
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interactions around shift work) rated themselves more positively in relation to psychological-
wellbeing, sleep quality, shift work satisfaction and social life satisfaction indicating that 
social support may be important in the mediation of problems associated with disrupted 
sleep/wake patterns. The importance of social support for positive health outcomes (e.g. 
better recovery from cardiovascular, infectious disease and cancer, Uchino, 2006) has been 
observed in a variety of settings and the evidence consistently suggests that social support is 
inversely related to morbidity and mortality (Uchino, 2006). Social support can be quantified 
by measuring the availability of supportive others and the satisfaction of the support they 
provide (Social Support Questionnaire, SSQ, Sarason, Levine, Basham, & Sarason, 1983). 
According to Uchino (2006), social support may influence positive health outcomes via better 
„biological profiles‟, such as a reduced response to stress (cardiovascular reactivity and 
inflammatory processes). However, the link between social support and lower rates of 
morbidity and mortality may be mediated by positive behavioural processes (e.g. encouraging 
health behaviours, adherence) and psychological processes (e.g. reduced perceived stress). 
Whatever the potential mechanisms, evidence suggests that social support may also be an 
important variable in the experience of jet lag in long-haul cabin crew.  
 
2.12.7 Summary 
Although biological parameters such as age, gender and chronotype have been shown to 
influence the severity of jet lag, psychological factors such as stress, coping, illness 
cognitions and social support have been identified as important mediators of health outcomes. 
However, psycho-social factors are largely ignored in circadian rhythms research. To this 
end, the SRM may be useful in explaining how long-haul cabin crew make sense of jet lag 
and how illness cognitions may influence crew‟s experience of jet lag.  
 
2.13 Countermeasures of Jet Lag  
In relation to minimizing jet lag symptoms, most of the research and advice comes from 
laboratory and field evidence regarding the adaptation speed of the body clock following a 
single transmeridian flight in the occasional traveller. There are three main problems with the 
practical application of this evidence for alleviating jet lag in long-haul cabin crew. Firstly, 
because long-haul cabin crew are affected by chronic jet lag, there are other factors that may 
influence adaptation of the body clock in long-haul crew as opposed to the occasional 
traveller. As seen in Section 2.10, there is a strong link between jet lag, shift work and gastro-
intestinal problems. Therefore, it may well be that behaviours other than exposure/avoidance 
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to light and impaired sleep can speed the adaptation of the body clock and make jet lag 
symptoms better (e.g. diet, cognition, coping with stress and illness). In addition, whilst 
laboratory studies have simulated time zone change, it is impossible to account all the factors 
that may arise in the field thus ignoring potential influences. Secondly, cabin crew have to 
cope with jet lag and fatigue on an ongoing basis therefore they are likely to have internalised 
and developed highly organised patterns of illness perceptions which may influence the way 
they cope and adjust to chronic jet lag. Thirdly, understanding re-entrainment (re-
synchronization) in the home time zone rather than in the new destination may be more 
relevant for cabin crew as more adaptive in terms of the ability to adjust to home life and be 
ready for their next duty and ensure safety on an ongoing basis. Studies on adjustment to the 
home time zone are limited (e.g. Lowden & Akerstedt, 1999; Roach et al., 2002). Cabin crew 
are subject to part adaptations of the circadian rhythm to the shifted zeitgebers at destination 
(e.g. east) depending on their strategies (e.g. stay on UK time) which may reflect the length 
of their layover and the number of time zones and individual differences (section 2.5). 
Conversely, re-entrainment at base will require part adaptation in the opposite direction (e.g. 
west). Therefore, any intervention has to consider what cognitions and behaviours make jet 
lag (objective and subjective markers) worse immediately after a return trip (possibly 
involving different strategies) so that help can be given to speed up recovery back at base. 
The next section will discuss conventional methods for re-entrainment and why some may 
not work in the cabin crew population.   
 
2.13.1 Light, Melatonin and Sleep 
In the cabin crew population managing sleep and maintaining alertness is vital especially in 
order to counteract operational fatigue and ensure safety in aviation (McCallum et al., 2003). 
Therefore, it is not surprising that most of the advice is centred on minimising jet lag by 
preserving sleep.  Adaptive sleep strategies are often referred to as sleep hygiene (Arendt et 
al, 2000) as their aim is to improve the sleeping environment. Ensuring a room is dark, 
whatever the circadian phase, by wearing eyeshades is in line with the underlying 
mechanisms of the circadian rhythm which are highly sensitive to light (see Section 2.5). 
Wearing earplugs can be used to screen unwanted external stimuli and a cool temperature 
facilitates sleep onset (e.g. sleep occurs when BCT is low, see Section 2.4.1). Avoiding 
stimulants before sleep, such as caffeine and alcohol, is also advisable as whilst alcohol 
promotes sleep onset it affects sleep maintenance. The use of targeted naps before, during and 
after a flight are also important as evidence suggests that split sleep has the same restorative 
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value as one bout of sleep (section 2.9.2.3). Related is the notion of anchor sleep which refers 
to sleeping the same four hours at night to minimise sleep loss and exploit the maximum time 
of sleepiness (around 4:00 h) to facilitate sleep onset during layovers. However, in practice, it 
is not always possible to achieve sleep hygiene strategies as the environment cannot always 
be controlled in long-haul operations. Therefore, disruption to the sleep/wake cycle can be 
minimised by improving adaptation of the circadian rhythm so they are synchronised. This 
involves primarily bright light exposure and the use of melatonin. That is, using knowledge 
about the PRC of both light and melatonin, these can be carefully administered to hasten re-
entrainment. In a recent study, Revell et al. (2006) showed that the combined effect of 
melatonin administered in the afternoon (0.5 – 3 mg) and intermittent bright light (~ 5000 
lux, four 30-minute bright light pulses) administered in the morning, timed to phase advance 
according to their respective PRCs, produced a larger phase shifting effect than bright light or 
melatonin alone (Figure 2.5). Phase advancing was achieved over three days in a laboratory 
setting  and the authors suggested  the combined effect of bright light and melatonin to 
advance the sleep schedule may be incorporated in a pre-flight plan for the prevention of jet 
lag as  this treatment would cause very little circadian misalignment.  There is evidence that 
artificial melatonin (0.5-5mg at 24-hour intervals before bedtime) can improve jet lag in the 
field. In nine field studies of jet lag, use of melatonin improved subjective jet-lag (mainly 
sleep disturbance) (Arendt et al., 2000). For example, in a study over eight time-zone 
eastward, use of melatonin three days before departure early evening and four days in the 
new local time zone was used to phase advance circadian rhythms. The results showed that 
subjective jet lag and objective measures of sleep (actigraph and endogenous melatonin and 
cortisol) adapted more quickly in the melatonin-treated group than in the placebo group. In 
addition, there was a significant correlation between subjective jet lag and sleep quality 
(Arendt, Aldhous, & Marks, 1986). However, the entrainment properties of melatonin 
following jet lag were not reproduced in a study with long-haul cabin crew (Petrie, Dawson, 
Thompson & Brook, 1993). Arendt et al. (2000) proposed that unlike the general travelling 
public, long haul cabin crew are chronically out of phase (external desynchrony with home 
time zone) and administration before eastward travel may have been inefficient because given 
at inappropriate circadian phase as baseline (circadian phase was not measured). As in the 
case of exposure to light, the timing of melatonin is critical for shifting the circadian rhythm 
(e.g. Revell et al., 2006). In addition, a pre-flight treatment may not be suitable for long-haul 
cabin crew who may not want to adjust to the destination time zone in an attempt to facilitate 
recovery on days off in the home time zone. A further problem is that  taking melatonin by 
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flying crew is not acceptable in the UK and taking sedatives or bright light therapy requires 
supervision by a physician (as knowledge of the circadian phase is required in the case of 
melatonin and light). Alternative interventions are therefore needed for the cabin crew 
population and the next section explores the possibility of diet interventions, given the 
growing evidence of link between circadian disruption and the incidence of metabolic 
syndrome in animals and humans and evidence about the circadian resetting properties of 
food timing in animal studies (section 2.10.3).   
 
2.13.2 Dietary Intervention 
Whilst the mechanism of the influence of eating behaviour on the master circadian clock is 
poorly understood in humans, animal research suggests this may happen through a second 
„feeding‟ clock affected by eating patterns (Stephan, 2002) and/or the existence of peripheral 
clocks (e.g. liver) which respond to feeding times unlike the SCN which is affected by light 
(see Section 2.10.2). Thus, jet lag may be the product of the master oscillator and peripheral 
clocks being out of phase with each other as a result of contrasting stimuli (e.g. eating out of 
phase). This opens up the possibility that improving eating behaviour, specifically, eating at 
the appropriate time of day, may affect circadian re-adjustment (e.g. by affecting peripheral 
clocks). In humans, there is contrasting evidence regarding this matter. It has been suggested 
that a jet lag diet may hasten adaptation of the circadian rhythm (Arendt et al., 2000). For 
example, eating food rich in carbohydrates in the evening provides a source of tryptophan for 
serotonin synthesis which facilitates sleep. In contrast, consumption of foods rich in protein 
in the morning will provide tyrosine which increase catecholamine which improves daytime 
alertness (Arendt et al., 2000). However, whilst administration of tryptophan improved total 
sleep time, its effects were deemed limited following westward transmeridian flight and sleep 
rather than the circadian phase or overall perception of jet lag was used as the outcome 
measure. It may be that the timing of eating has an important factor in readjustment to jet lag. 
A recent study found that differences in food timing predicted successful weight loss (see 
section 2.10.4).  In addition, one study found a link between dietary change and reduced jet 
lag. Reynolds and Montgomery (2002) measured the impact of a jet lag diet called Argonne 
diet on subjective symptoms of jet lag in 186 military personnel after deployment across 
multiple time zones and after returning home. The Argonne diet was based on metabolic 
studies on animals (rodents) to prevent circadian desynchrony by scheduled feeding and 
starvation intervals then applied to humans (described in Section 2.10.3). It consists of 
alternate days of „fasting‟ (800 Kcal) and „feasting‟ (no caloric limit) and consumption of 
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proteins and carbohydrates (see Arendt et al., 2000) to promote sleep and alertness and 
reduce the impact of sudden shift of the circadian rhythm. The diet starts by feasting on the 
fourth day before deployment. Then, alternate days of „fasting‟ and „feasting‟ take place. 
During the first three days before departure caffeine is only allowed between 15:00 and 
17:00. Feasting and caffeine are allowed in the morning of departure before a westward flight 
or between 18:00 and 23:00 for eastward flight. No alcohol is allowed. Subjective jet lag after 
deployment and return home were used as outcome measures. The results showed that in 95 
soldiers who chose to follow the Argonne diet in preparation for deployment and 39 who 
chose to use it in preparation for return, subjective jet lag was significantly reduced compared 
to non dieters. However, circadian phase or other objective measures of jet lag were not 
measured and this regimen may be too restrictive and impractical (fasting) to implement in 
the life style of cabin crew. Nevertheless, it suggests that timed food (regular intervals during 
the day) may also be a powerful method for resetting rhythms to a new phase as already 
found in animal studies. However, in humans food intake may be affected by several factors 
such as food availability and culture. In a forced desynchrony study, Waterhouse et al., 
(2004) participants were free to cook a wide selection of foods and found that attitudes to a 
meal were partly affected by the body clock but largely affected by the type of meal eaten 
(e.g. hot meal)  which in turn was affected by changes in the sleep-wake timings. That is, 
responses to a meal (hunger before a meal, enjoyment during a meal and satiety after it) 
increased with a large hot meal compared to a snack, previously cooked cold food and small 
hot meal. Based on the evidence on food intake a possible dietary intervention for cabin crew 
may be to simply improve regular meals such as breakfast, lunch and dinner in order to 
enhance responses to food intake (e.g. hot meals associated with more positive responses) 
and improve circadian adjustment during days off. One challenge is how to implement 
dietary change given the gap between intentions and actual behaviour observed in healthy 
eating which reflects a wider problem in psychological research that acting in line with 
intentions is not always possible (Webb & Sheeran, 2006). This will be explored in the 
context of implementation intentions.  
 
2.13.3 Implementations Intentions 
There are several factors that can explain why intentions fail to translate into behaviour. In 
the area of healthy eating evidence suggests that often individuals are motivated to change 
their eating habits but psychological factors may hinder goal striving. Gollwitzer and Sheeran 
(2006) identified two self-regulatory problems for goal attainment: i) failing to get started 
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and ii) getting derailed along the way. Failing to get started includes problems with 
remembering to act, seizing an opportune moment to act (e.g. limited by deadlines) and 
having second thoughts at the critical moment (e.g. healthy eating is difficult when a 
delicious curry is on the menu).  Getting derailed during goal striving can occur as a result of 
attention to enticing stimuli. For example, Ehrman and colleagues (2002) found that when 
compared to non-smokers and former smokers, smokers have attention biases towards 
smoking-related images. Difficulty in suppressing behavioural responses is also difficult 
when actions have become habitual and in this case, behaviour is only weakly predicted by 
goal intention.  For example, the intention to use of sunscreen was compromised by being 
used to working outdoors (Garbe & Buettner, 2000). Negative states (e.g. distress) can also 
affect goal striving (e.g. smoking). Evidence has shown that when individuals are in „a bad 
mood‟, they tend to deal with this emotion at the expense of other goals by consuming high 
calorie food to compensate. Thus, as memory, attention and self-control are limited factors, 
situations that deplete them compromise goal achievement (Gollwitzer & Sheeran, 2006). 
However, when goal-intentions are framed by specific action plans, called implementation 
intentions, the impact of the self-regulatory problems is reduced (Gollwitzer & Sheeran, 
2006). Implementation intentions are if-then plans that specify the behaviour that will achieve 
a goal (e.g. eat regular meals: breakfast, lunch and dinner) and the situational context in 
which it is performed (e.g. on rising, after 4 hours or 13:00 h and 20:00 h).  Firstly, this works 
because specifying the „where and when‟ of an action creates a mental link between the if-
part of the intention (e.g. on rising) and the indented behaviour (e.g. eat regular meals) that 
translate it into action. Secondly, the mental representation of the if-part of the plan becomes 
more activated and accessible in memory thus leading to an automated response (Gollwitzer, 
1993). This means that limited availability of resources such as memory, attention and self-
control are no longer involved in the achievement of one‟s intentions. To this end, the if- and 
then- parts of implementation intentions need to be specified precisely. The advantages of 
this type of intervention are that administration/application is large-scale and do not require 
the presence of a health professional, an advantage in the cabin crew sample. Although 
implementations intentions have been used to successfully promote different health 
behaviours, such as vitamin C intake, exercising and performing breast self-examination, they 
have been mostly applied to promoting healthy eating. One reason may be that healthy eating 
is particularly susceptible to self-regulatory failures (Adriaanse, Vinkers, De Ridder, Hox, & 
De Wit, 2011). Overall, Gollwitzer and Sheeran (2006) found that implementations intentions 
have a medium to large effect on health behaviour (d = .65). A more recent meta-analysis 
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(Adriaanse et al., 2011) investigated the effectiveness  of implementation intentions in i) 
promoting healthy eating behaviours such as increasing fruit and vegetable consumption and 
ii) decreasing health risk behaviours such as saturated fat intake and unhealthy snack 
consumption (more difficult to achieve) in 23 studies. Adriaanse et al. (2011) concluded that 
implementation intentions are more effective at promoting healthy eating (d = .51) than in 
diminishing unhealthy eating (d = .29). For example, Armitage et al. (2007) found an 
increase of 0.18 portions of fruit a day, Chapman, Armitage and Norman (2009) found an 
increase of about half a portion of fruit and vegetables a day and Verplanken and Faes (1999) 
found higher scores on overall healthy eating behaviour as measured by a food diary. 
However, Adriaanse et al. (2011) argued that the effect may have been inflated by the use of 
weak control conditions (M = 0.36, SD = 0.51) rated from 0 (poor) to 2 (very good). Some 
studies had a cross-sectional design and some used a prospective design (ranging from 24 
hours to nine months). Other studies had an experimental condition which ranged from 
groups who required making irrelevant implementation intentions to passive control groups 
who only filled out questionnaires or received information about eating a healthy diet. Other 
studies (Chapman et al., 2009) added pre-intervention instructions about the health benefits of 
healthy eating as well as additional control conditions such as different types of intervention 
like a self efficacy boost (Luszczynska, Tryburcy, & Schwarzer, 2007) or filling out a Theory 
of Planned Behaviour questionnaire (Jackson et al., 2005) to evaluate whether the effect of 
implementation intentions was stronger than other types of strategy/intervention. Overall, 
Adriaanse and colleagues (2011) concluded that higher quality outcome and lower quality 
control conditions demonstrated stronger effects, indicating that better outcome measures 
such as the food diary, less reliance on recall, and better control conditions are needed to 
ensure results are valid.   
 
2.14 Summary of Chapter 2 
In summary, Chapter 2 described the biological basis of jet lag in terms of circadian phase 
shifts due to altered zeitgebers causing external and internal desynchrony. Individual 
differences in phase tolerance such as diurnal preference and age have been described as 
important biological mediators of jet lag. In relation to the role of long-haul cabin crew, trip 
factors, such as exposure to light during „biological night‟ on night flights, are also important 
at explaining how circadian dysregulation may be exacerbated. However, the assumption in 
much research is that the perception of jet lag symptoms, in the general population and in 
cabin crew, relate to the process of adjustment of the body clock to the external environment 
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without taking into account any psychological processes that may mediate this relationship. 
This is because subjective jet lag and circadian disruption are usually assessed separately and 
reflect the view of jet lag as a physiological illness which may have psychological 
consequences (stress, reduced psychological wellbeing). However, much research and theory 
in the context of health psychology points to a gap between symptom perception and 
physiological processes due to the individual variability in symptom perception in terms of 
internal/external focus, mood and cognition context (Pennebaker, 1983; Wright et al., 2005). 
To date, the relationship between circadian disruption objectively measured and perceived jet 
lag has not been explored. Thus, the main aim of this thesis is to address this gap. This is 
particularly important for understanding the nature of jet lag in long-haul cabin crew and for 
finding valid countermeasures. For this occupational group, jet lag is not transient and their 
experience of jet lag over time, together with social messages about the condition, are likely 
to have influenced how they make sense of jet lag, how they cope with it, affecting recovery. 
For example, if cabin crew view jet lag symptoms as controllable, they may engage in 
effective ways of coping with them reducing their effects. Conversely, if cabin crew consider 
jet lag as uncontrollable they may engage in poor health behaviours that exacerbate jet lag. 
Perceiving a symptom involves more than detecting a sensation. It involves attributing 
meaning to past experience, such as successful or failed coping attempts at controlling the 
condition. According to the SRM (Leventhal et al., 1980), individuals are actively involved in 
making sense of their illness to the extent that their common sense view (e.g. illness beliefs) 
may be quite different from the physiological assessment of an illness, leading to a 
discrepancy between the two measurements.  A problem in circadian research has been the 
primary focus on sleep disturbance and rate of rhythm adjustment, often neglecting the role 
of illness beliefs as causes of jet lag. As evidence consistently shows a link between illness 
perceptions and outcome (e.g. adaptation to chronic illnesses and adherence, Hagger & 
Orbell, 2003), this thesis aims to explore the impact of illness perceptions and other psycho-
behavioural variables (e.g. coping, social support) on jet lag. To date this has not been done. 
Further, recent evidence involving animals and humans has shown that non-photic stimuli 
such as the timing of food consumption can also reset the circadian system by reducing the 
misalignment between peripheral oscillators and the SCN caused by the effects of contrasting 
signals (e.g. light and food). Eating out of phase has been implicated in altered genetic 
expression of clock genes in peripheral organs (in animals) and disputed metabolic responses 
(in humans), thus eating in phase may help reduce jet lag. Previous research on jet lag 
countermeasures has focused on altering behaviour such as exposure to light and sleep to 
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improve jet lag. However, these strategies ignore the role of food intake as a powerful cue to 
reduce jet lag by improving alignment of the circadian system. In addition, light exposure at 
appropriate times requires the help of health professionals and expensive equipment while 
changing sleep schedules has had limited effects on improving jet lag during days off in long-
haul crew (Lowden & Akerstedt, 1998). Therefore, this thesis will evaluate the impact of a 
simple plan to eat regularly on days off to improve jet lag and objective alertness which also 
addresses the need for finding self-administered and inexpensive countermeasures of jet lag 
for long-haul cabin crew. 
 
2.15 Aims of Thesis 
This thesis reports the findings from four empirical studies which use cohort and 
experimental designs. The aim of the thesis is to explore jet lag in long-haul cabin crew with 
a focus on the psycho-behavioural (Study 1, 3 and 4) and the biological dimension of jet lag 
(Study 2) and whether it can be improved with a simple planning intervention designed to 
change diet (Study 4). A further aim of the thesis is to use objective and subjective 
assessments of jet lag in order to provide a more „complete‟ account of jet lag in long-haul 
cabin crew. Specifically, the thesis aims to examine how subjective jet lag (and symptoms), 
stress arousal, and objective sleep performance change post-layover. It will indentify the 
psycho-behavioural predictors of jet lag (subjective and objective) as well as address the 
question of whether there is a relationship between subjective and objective jet lag (urinary 
melatonin peak time) and what mediates it.  The nature of subjective jet lag is further 
explored in a cross-sectional study (Study 3) in order to provide detailed understanding of 
how long-haul cabin crew make sense of jet lag based on the Self-Regulatory model 
(Leventhal et al., 1980), and to determine whether they are chronically fatigued (on the day 
before a long-haul flight).  
 
The overall aim of the thesis is therefore to extend the understanding of jet lag in long-haul 
cabin crew by integrating biological and psychosocial perspectives as well as using objective 
and subjective measures to provide a comprehensive account of jet lag and evaluate potential 
strategies to reduce jet lag.  
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The specific aims of this thesis by empirical study are as follows:  
 
Study 1: Jet lag, sleep and stress arousal recovery rates and psycho-behavioural 
predictors of subjective jet lag in long-haul cabin crew. 
Method: A cohort study. 
Measures: Subjective and objective (actigraphy). 
Aims: 
i) To investigate how subjective assessments of jet lag (and its symptoms), stress 
arousal and objective assessments of sleep change before and after a long-haul trip 
(baseline, day of return flight, first day off and last day off) and specifically whether 
there is a significant change in jet lag perception post-layover; 
ii) To evaluate the rate of recovery of subjective estimates of jet lag and symptoms, 
stress arousal and  objective parameters of sleep during days off;  
iii) To assess whether estimates of jet lag and symptoms vary significantly during the 
course of a day; 
iv) To assess the role of profile and psycho-behavioural variables in predicting 
subjective jet lag (chronicity: first day off).  
 
Study 2: Psycho-behavioural predictors of circadian disruption. The relationship 
between subjective and objective markers of jet lag and what mediates it. 
Method: A cohort study. 
Measures: Subjective objective and bio measures. 
Aims:  
i) To describe objective jet lag in long-haul cabin crew as measured by a significant 
shift in the melatonin profile post-layover; 
ii) To assess the role of profile and psycho-behavioural variables in predicting circadian 
disruption (first day off);  
iii) To evaluate whether there is a relationship between subjective jet lag and circadian 
disruption and whether symptom perception relate to a physiological change;  
iv) To assess whether responses to meals (predictive of subjective jet lag) predict the 
relationship between subjective jet lag and circadian disruption post-layover. 
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Study 3: Making sense of jet lag. The relationship between illness representations, 
coping, social support, pre-work strategies and the experience of jet lag and chronic 
fatigue on the day before a long-haul trip.  
Method: A cross-sectional study. 
Measures: Subjective 
Aim: 
i) To explore how long-haul cabin crew make sense of jet lag and how illness 
perceptions, self-management strategies, coping and social support relate to the 
experience of jet lag and chronic fatigue on the day before a long-haul flight.  
 
Study 4: The impact of Implementation intentions intervention to improve meal times 
and ameliorate jet lag and objective alertness in long-haul cabin during recovery days.   
Method: An experimental study. 
Measures: Subjective and objective (PVT speed). 
Aims: 
i) To assess the effectiveness of forming an implementation intention about consuming 
regular meals post-layover to improve recovery from subjective jet lag and symptoms 
as well as objective alertness (speed on the Psychomotor Vigilance Task – PVT) on 
days off;   
ii) To assess the role of intervention, profile and process variables at baseline in 
predicting adjustment to jet lag on crew‟s second recovery day. 
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CHAPTER 3: JET LAG, SLEEP AND STRESS AROUSAL RECOVERY RATES 
AND PSYCHO-BEHAVIOURAL PREDICTORS OF SUBJECTIVE JET LAG IN 
LONG-HAUL CABIN CREW: A PROSPECTIVE STUDY 
 
3.1 Introduction 
As described in Chapter 2, a common finding in studies conducted in both the laboratory and 
field is that, following abrupt shift to the LD cycle typical of transmeridian travel, the 
circadian rhythm is disrupted as a result of a mismatch between the internal timing of the 
biological clock (SCN) and the LD cycle in the new time zone (Arendt et al., 2000; 2009; 
Waterhouse et al., 2007). As well as external desynchrony, physiological rhythms have been 
shown to uncouple from each other which is evident when the individual‟s sleep/wake cycle 
is out of phase with the melatonin rhythm which free runs in dim light conditions (Roach et 
al., 2002). Thus, during the slow process of adaptation to the altered zeitgebers at destination 
individuals may suffer a condition known as jet lag, a general malaise associated with several 
symptoms. Subjective jet lag can be measured using the validated Liverpool Jet Lag 
Questionnaire (VAS, Waterhouse et al., 2000) where a global feeling of jet lag is assessed 
alongside the five areas most commonly believed to contribute to it. These are sleep 
performance, fatigue, attitudes to a meal, mood/cognitive performance and bowel activity. 
Evidence suggests that sleep disruption and fatigue are the most common symptoms 
associated with jet lag (Arendt et al., 2000; 2009). This was found to be the case in occasional 
travellers where reduced perceived waking alertness, earlier waking times as well as fatigue 
predicted subjective jet lag (VAS, from 0 for „insignificant‟ to 10 for „very bad‟) measured at 
the same time following a flight to Sydney across 10 time zones (Waterhouse et al., 2000; 
2002). Sleepiness and the number of night-time awakenings were also found to be related to 
jet lag feelings (rated on a 6-point scale, ranging from 1 for „not at all‟ to 6 for „very severe‟) 
in a sample of cabin crew during and after a trip to the west, indicating the importance of 
preserving sleep for reducing jet lag in this group (Lowden & Akerstedt, 1998). In these 
studies, the assumption was that the perception of symptoms reflected the adjustment process 
of different circadian rhythms (e.g. alertness, sleep/wake cycle, feeding/fasting) with different 
relative contributions from the biological clock. Thus, as sleep variables and fatigue had 
similar time courses of adjustment to that of jet lag during six days post a London - Sydney 
flight and predicted jet lag ratings, sleep and fatigue were considered to have a large 
endogenous circadian component. Conversely, subjective responses to a meal (Waterhouse et 
al., 2000; 2004; 2005a) only weakly related to perceived jet lag and its adaptation process, 
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indicating that food intake has a weak endogenous circadian component. However, there is 
contrasting evidence as to whether gastrointestinal functions readjust more quickly than sleep 
variables in cabin crew. Some evidence suggests that sleep adapts more quickly (e.g. two 
days, Lowden & Akerstedt, 1999) than mental performance (greater than three days, Roach et 
al., 2012) and gastrointestinal function (e.g. nine days post-prandial glucose responses, 
Buxton et al., 2012).  These inconsistencies may be due to different measures being used. For 
example, objective sleep parameters seemed to return to baseline levels more quickly than 
subjective ones in crew (two days versus four days, Lowden & Akerstedt, 1998; 1999). 
Similarly, slower adaption of gastrointestinal function was slower when bio measures were 
used (Buxton et al., 2012) as opposed to subjective responses to meals (Waterhouse et al., 
2000; 2004; 2005a). On the other hand, differences in results may be explained by the 
different samples used. That is, results may be different in long-haul cabin crew given that 
they are exposed to chronic levels of jet lag (Cho et al., 2000) which impacts on the ability to 
cope with disruption to different physiological functions, such as cognitive performance out 
of circadian phase (Cohen et al., 2010), and tolerance to glucose levels when eating out of 
phase (Buxton et al., 2012). When repeated exposure to sleep restriction and circadian 
disruption were measured, cognitive performance and gastro intestinal function did not return 
to baseline during recovery days (Belenky et al., 2003; Cho et al., 2000; 2002; Buxton et al., 
2012). Thus, as symptoms may not be transient as in the occasional traveller, it may be that 
different variables play different roles in the ratings of jet lag in crew.  
 
In addition, except for very few studies (Lowden & Akerstedt, 1998; 1999; Suvanto et al., 
1993; Roach et al., 2003; 2012), where cabin crew‟s readjustment to jet lag in the home time 
zone was assessed, most studies focus on adaptation of symptoms during layover. The 
implication is that cabin crew are not in a destination long enough for full adaptation and they 
may keep their activity/rest patterns to home time to avoid disruption at base (Spencer & 
Montgomery, 1995). Consequently, assessing recovery rates at home may be more 
appropriate in this sample and may shed light into the speed of recovery of different 
symptoms. Furthermore, jet lag symptoms may vary during the course of the day, which 
reflects the underlying mechanisms of circadian rhythms with its peaks and troughs (Arendt 
et al, 2000). For example, when entrained to the LD cycle, fatigue should be highest at night 
and alertness highest in mid morning. Following an abrupt shift of the LD cycle to the east, 
therefore, symptoms will be worse during the day as it corresponds to circadian low in the 
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home time zone. The evidence for this is mixed. Waterhouse and colleagues (2000) found 
that whist the within-day effect for fatigue (increased throughout the day) was close to 
significance, there were no within-day differences for subjective jet lag. This finding 
highlighted two other important points. First, despite the strong correlation between the two 
variables (r = .53) and no prior definition of jet lag and fatigue, feeling tired and feeling jet 
lagged are different in nature (Waterhouse and colleagues used „fatigue‟ and „tiredness‟ 
interchangeably). Indeed, travel fatigue can be reduced by rest and dissipates after a good 
night‟s sleep whilst jet lag tends to persist following long-distance travel. Second, subjective 
jet lag may not be cyclical in nature which may suggest that there is no straight 
correspondence between circadian disruption and subjective jet lag. However, to date, the 
cyclical nature of subjective jet lag symptoms has not been investigated in cabin crew as jet 
lag tends to be assessed once a day for practical reasons (Arendt et al., 1986). In addition, 
there are no official cut offs for subjective jet lag.  Arendt and colleagues (1986) considered 
jet lag to be present at a score of 5 (0 – 10) but they did not explain the rationale for this and 
it contrasted with their argument that jet lag varied from individual to individual. Although 
Lowden and Akerstedt (1998) did not assess jet lag changes per se post-trip, as they used an 
experimental design to compare the effect of sleep strategies on jet lag abroad and at home, it 
was clear that feelings of jet lag increased from baseline (1 out of 6, Figure 2) to the first 
recovery day (4 out of 6, Figure 2) and on four recovery days (M = 2.78 out of 6, Table 1).  
Therefore, a more valid way of measuring subjective jet lag may be needed to assess 
significant differences post-trip compared to baseline. 
 
Evidence also suggests that the nature and severity of symptoms are affected by i) directional 
asymmetry according to which jet lag is worse following eastward travel than westward travel 
and ii) the number of time zones crossed. Consequently, complete adaptation to the new LD 
cycle may take 1.5 days for each time zone change to the east and approximately one day for 
each time zone crossed to the west. Consistent with this notion is that sleep is worse to the 
east than to the west in simulated jet lag studies and field studies using occasional travellers 
and crew. However, assuming crew want to adapt to the new local time, adaptation to jet lag 
back home involves the opposite pattern of adjustment to that required abroad (e.g. advancing 
sleep and food intake following a trip to the west which required a partial delay of such 
rhythms). Thus, traditional adjustment rates may be difficult to apply to crew. There is also 
growing evidence that not everyone suffers from jet lag and that individual differences such 
as diurnal preference (morningness-eveningness) and age are important risk factors for 
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tolerance to jet lag. However, there is contrasting evidence as to whether these differences 
reduce or increase jet lag. For example, age-related sleep problems are thought to impact on 
the ability to cope with jet lag. Conversely, Suvanto et al. (1993) found that adaptation to jet 
lag post trip to the west was better in older evening crew. This may be explained by the fact 
that older crew may cope better with experience in terms of tested jet lag strategies. 
Secondly, the circadian rhythm of evening people is more compatible with extending sleep 
and activity in tune with the tendency of the circadian rhythm to phase delay (Pressman & 
Orr, 1997). This flexibility allows them to better cope with altered rhythms. However, there is 
evidence that adaption to week days (e.g. 9:00 h to 17:00 h schedules) is reduced in evening 
people compared to morning people due to later bed times and earlier waking resulting in 
sleep loss. Therefore, it may be that evening crew feel more jet lag through poor adaptation to 
home time schedules.  
 
Chapter 2 also illustrated that circadian disruption is further compounded in aviation 
operations by the irregularity of shifts, duty lengths and night flying thus trip factors cannot 
be ignored in research involving long-haul cabin crew. Increasingly, attention has been paid 
to potential psychological risk factors for jet lag. In particular, in the field of Occupational 
and Counselling Psychology, the job of long-haul crew has been defined as the source of 
many stressors associated with chronic jet lag and fatigue (raised cortisol levels in long-haul 
crew, Cho et al., 2000; 2002), long duties and night flying associated with long-haul 
operations (McCallum et al., 2003) and disruption to social relationships and home life 
(Eriksen, 2006). Thus, it may be that stress and coping strategies are important mediators of 
jet lag. Research in Health Psychology has also highlighted the importance of gender, mood 
and cultural background as a source of variability in symptom perception (Haas et al., 1959; 
Minsky et al., 2003; Wright et al., 2005; Michel, 2007).  
 
Given the gap in the literature in relation to how cabin crew adjust to jet lag during days off 
and the contribution of profile (demographics and trip factors) and psycho-behavioural 
variables (e.g. stress, coping) on the experience of jet lag post-layover, this study had three 
main aims: i) to assess between-day differences across the study in subjective jet lag and 
related symptoms, feelings of stress arousal and objective parameters of sleep as a means of 
investigating whether symptoms were worse post-trip (acuteness) and whether they 
readjusted at different rates from each other during days off, ii) to evaluate within-day 
differences in subjective jet lag and symptoms as a means of investigating whether they were 
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cyclical in nature and exhibited different patterns post-trip and iii) to explore the contribution 
of profile (demographics and trip factors) and psycho-behavioural variables  (e.g. coping, 
stress, arousal, perceived jet lag symptoms, objective sleep performance) in predicting 
subjective jet lag (chronicity, first day off).   
 
3.1.1 Hypotheses 
Based on the literature, it was hypothesized that:  
i) Subjective reports of jet lag and its sub-components, objective and subjective reports of 
sleep performance, subjective stress and arousal would change over the course of the 
study and would be worse post-trip; 
ii) Recovery rates of subjective jet lag and its subcomponents would vary from each other. 
iii) Perceived jet lag and its symptoms would change during the course of the day and 
symptoms would be worse at inappropriate times of day in the home time zone; 
iv) Psycho-behavioural variables (coping, stress, arousal, perceived jet lag symptoms and 
objective sleep performance), as well as profile variables (demographics and trip 
factors), would predict the global perception of chronic jet lag (first day off). 
 
3.2 Methods 
 
3.2.1 Design 
The present study used a prospective design whereby cabin crew were monitored over one 
trip (round trip e.g. London - Los Angeles) including the day before the trip to assess baseline 
measures and the days off following the trip to assess disruption to the circadian rhythm. 
Measurements (demographics, trip factors and psycho-behavioural variables) were taken at 
specific times during the course of the study to examine the predictors of subjective jet lag as 
they reflect different contributions of circadian disruption and flight factors: 
i) Day before the flight                  (Baseline – Time 1) 
ii) The day crew land (back home)   (Acute jet lag also, due to flight factors– Time 2) 
iii) First day off                               (Chronic jet lag – Time 3) 
iv) Last day off                               (Recovery – Time 4). 
 
3.2.2 Participants 
36 „‟‟‟‟‟‟‟‟‟‟‟‟‟‟ long-haul cabin crew took part in the study. 10 participants were recruited 
through an "open day" held at the „‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ and 26 participants 
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were recruited by email (recruiting article posted on „‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟). Participants 
recruited by email were initially sent information about the study's protocol and a meeting 
between the experimenter and each participant was then set up to explain the study's aims and 
procedure. According to the „‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ schedule, long-haul cabin crew cross several 
time zones on average once a week and have 2 - 5 days off after each trip depending on the 
number of time zones crossed, length of trips and duty times. The times zones crossed by 
participants ranged from one hour to 10 hours, the length of trip ranged between three and 
nine days and the duty time from 10:35 h to 15.30 h Cabin crew may have a full time 
contract, „‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ 
„‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟. Cabin crew have different responsibilities onboard: 
Cabin crew = safety and cabin service; „‟‟‟‟‟‟‟‟‟‟‟ manager of individual cabin „‟‟‟‟‟‟‟‟‟ 
„‟‟‟‟‟‟‟ and „‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ overall onboard manager.  
 
Inclusion Criteria. Participants needed to be long-haul cabin crew members. Anyone taking 
melatonin was excluded and participants were invited to discuss with the experimenter any 
medicines or conditions they had to exclude any potential confounding effects on sleep 
performance and jet lag.   
 
3.2.3 Measures 
All measures were included in data packs (Appendix 3) which also gave instructions on how 
to complete questionnaires and use the equipment. Participants completed the following 
measures to assess: i) their profile characteristics; ii) psycho-behavioural variables, and iii) 
the key outcome variables. 
 
Profile Characteristics 
The following questions were used to assess profile characteristics (see Appendix 3, p. 2):  
Profile variables Scoring 
Age (Years) 
Gender (Male-Female) (0-1) 
Nationality (UK-Other) (0-1) 
Marital status (Live alone-partner) (0-1) 
Children (No-Yes) (0-1) 
Contract (Part time-full time) (0-1) 
Role (Crew-Manager) (0-1) 
Service length  (years) 
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Time change (- = West,+ = East) 
Time change abs (Absolute measure) 
Trip length (3; 4; 5; 6; 7-9) (1-5) 
Days off before the trip (2; 3-4; 5-7; 8-12) (1-4) 
Planned outbound departure time (to destination) (Decimal time) 
Planned outbound arrival time (Decimal time) 
Planned outbound duty time (flight time + report and off duty time) (Decimal time) 
Planned inbound departure time (UK bound) (Decimal time) 
Planned inbound arrival time (Decimal time) 
Planned inbound duty time (flight time + report and off duty time) (Decimal time) 
Commuter (No-Yes) (0-1) 
Season in UK (Winter-Summer) (0-1) 
Season at destination (Winter-Summer) (0-1) 
Stay on UK time at destination (0-1) 
Morningness-Eveningness (16-86) 
 
Morningness-Eveningness. Chronotype was measured by the Horne-Ostberg Questionnaire 
(MEQ, Horne & Ostberg, 1976) which looks at preferences for different times of day for 
different activities.  It contains 14 questions which are multiple choice and five questions 
where participants are asked to indicate the preferred time of day for a particular activity.  
Each question is assigned a value from zero to six to give a total score ranging from 16 to 86:  
definitely morning type = 70 - 86; moderately morning type = 59 - 69; neither type = 42 - 58; 
moderately evening type = 31 - 41 and definitely evening type 16 - 30. 
 
Psycho-Behavioural Variables 
The following measures were used to assess psycho-behavioural variables (see Appendix 3):  
 
i) Coping. Coping was assessed by using the COPE inventory (60 items, Carver et al., 1989) 
developed to measure a broad range of coping responses.The version used here is 
“dispositional” or “trait-like” as respondents are asked to report the extent to which they do 
the things listed (Appendix 3).  A low score represented infrequent use of a particular coping 
style while a high  score (1-4)  represented frequent use of a particular coping style:  1 = I 
usually don't do this at all , 2 = I usually do this a little bit,  3 = I usually do this a medium 
amount and  4 = I usually do this a lot . COPE has 15 subscales and for descriptive purposes 
only they were grouped into strategies that are mainly aimed at dealing with the stressor itself 
(problem-focused) and managing the emotions associated with a stressful event (emotion-
focused). Emotion-focused coping can also be divided into two other grouping variables: 
those which tap into „approach coping‟ and „avoidant coping‟, often regarded as „less useful‟ 
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for adaptation in the long-term (Carver et al., 1989). Carver et al., (1989) argued that 
composite scores are too simplistic, however second-order factors (factor analysis) as 
predictors may be an alternative. Factor analysis could not be used in the present study due to 
the small sample size. Moreover, there is a great deal of overlap among the problem and 
emotion-focused coping strategies as, when stressed, individuals tend to use both kinds 
(Litman, 2006).   
 
Problem-focused Items 
Use of instrumental social support: 4, 14, 30, 45 
Active coping:  5, 25, 47, 58 
Restraint:  10, 22, 41, 49 
Suppression of competing activities:  15, 33, 42, 55 
Planning:  19, 32, 39, 56 
Emotion-focused (approach) 
 Positive reinterpretation and growth:  1, 29, 38, 59 
Focus on and venting of emotions:  3, 17, 28, 46 
Religious coping:  7, 18, 48, 60 
Humour:  8, 20, 36, 50 
Use of emotional social support: 11, 23, 34, 52 
Acceptance:  13, 21, 44, 54 
Emotion-focused (avoidance) 
 
Mental disengagement: 2, 16, 31, 43 
Denial: 6, 27, 40, 57 
Behavioural disengagement: 9, 24, 37, 51 
Substance use:  12, 26, 35, 53 
 
ii) Stress Arousal. Stress arousal over the course of the study was measured by the Stress-
Arousal Checklist (SACL, Cox & Mackay, 1985) which consists of 30 positive and negative 
adjectives used to describe psychological experience of stress. Respondents were asked to 
read the adjectives and rate how strongly they felt at that moment on a 4-point scale ranging 
from (Appendix 3): 
vv = definitely feel; 
v = feel slightly; 
? = uncertain; 
no = definitely do not feel. 
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Each subscale consists of positive and negative adjectives (see Appendix 3). Positive stress 
adjectives include items:  1, 4, 9, 12, 13, 17, 25, 26, 28 and 29. Negative stress adjectives 
include items: 3, 5, 7, 10, 20, 23, 27 and 30. The positive adjectives for arousal are: 2, 8, 11, 
15, 16, 19, 21 and 22.  For the positive adjectives, the (vv) and (v) ratings are scored 1, and 
the ? and (no) are scored 0. Negative adjectives are reversed scored (vv and v score 0, and ? 
and no score 1). A high score represented elevated stress and/or arousal.  
 
iii) Sleep Performance. Sleep patterns were monitored by objective (actigraphy) and 
subjective (self-report, sleep subscale in Jet Lag questionnaire) methods.   It was anticipated 
that the Pittsburgh Sleep Quality Index was not adequate for the cabin crew population (e.g. 
inability to answer questions on habitual sleep efficiency). 
 
Actigraphy. Actigraphy measures the rest/activity cycle of individuals. Participants wore 
actiwatches (Actiwatch Plus or Actiwatch Mini, Cambridge Neurotechnology Ltd) for the 
duration of the study. The Actiwatch Plus has an event marker button used to record bed and 
get up times. When a participant used the Actiwatch Mini, bed and get up times were 
recorded in a sleep log (Appendix 3).  Actiwatch Activity and Sleep Analysis 5 (Cambridge 
Neurotechnology Ltd, version 5.46) was used to analyse the sleep data. Where the event 
marker was not available (participant wore Actiwatch Mini), bed and get up times were set by 
the experimenter (data in Sleep log) but the sleep start and end times were set automatically 
thus allowing the sleep-wake scoring algorithm to calculate these times. Data were stored in 
1-minute epochs. 
 
The sleep parameters obtained were:  Sleep Efficiency (SE) = the percentage of time spent 
asleep in bed; Sleep-onset Latency  (SOL) = time to fall asleep following bed time and the 
Movement and Fragmentation Index  (FI) = the addition of percentage time spent moving 
and the percentage Immobility Phases of 1 minute. This was used as an indicator of 
restlessness. The above sleep parameters were measured at T1, T2, T3 and T4 and relate a 
sleep episode that ends on the study days (e.g. starts the night before baseline, day land, first 
day off and last day off). In addition, there is correspondence between actigraphy sleep 
parameters and subjective sleep performance‟s periods of analysis e.g. baseline SE 
(actigraphy) and baseline subjective quality of sleep correspond to sleep that ended at 
baseline. 
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Self-Reported Sleep at T1, T2, T3 and T4. Subjective sleep performance was measured by 
the The Liverpool Jet Lag Questionnaire (Waterhouse et al., 2000, see Appendix 3). 
Participants assessed their sleep (started the previous night) at approximately 08:00 h by 
means of visual analogue scale (VAS): Ease of sleep: -5 = less; 0= normal; +5 = more; Time 
of sleep: -5 = earlier; 0 = normal; +5 = later; Sleep quality: -5 = more waking episodes; 0 = 
normal; +5 = fewer waking episodes; Waking time: -5 = earlier; 0 = normal; +5= later and 
waking alertness after 30 minutes of waking: -5 = less; 0 = normal; +5 = more.  
 
iv) Related Symptoms of Jet Lag at T1, T2, T3 and T4. The Liverpool Jet Lag 
Questionnaire (Waterhouse et al., 2000, see Appendix 3) also assessed related symptoms of 
jet lag such as fatigue at 8:00, 12:00, 16:00, 20:00 and 24:00 h, their attitude to a meal at 
12:00, 16:00 and 20:00 h, motivation, concentration and irritability at 12:00 and 16:00 h, and  
bowel activity (frequency and consistency) at 24:00 h. Within reason, participants were asked 
to complete the questionnaires as closely as possible to the above times. For the rest of the 
items, the VAS consisted of a line divided into 10 parts. The centre point was labeled 0 and 
the extremes were labeled +5 and –5. Furthermore, these three points were given a brief 
description of the related sensation: Fatigue: -5 = less; 0 = normal; +5 = more; Hunger: -5 = 
less; 0 = normal; +5 = more; Palatability: -5 = less; 0 = normal; +5 = more; Satiety: -5 = still 
hungry; 0 = normal; +5 = bloated; Concentration: -5 = worse; 0 = normal; +5 = better; 
Motivation: -5 = less; 0 = normal; +5 = more; Irritability: -5 = less; 0 = normal; +5 = more; 
Bowel frequency: -5 = less; 0 = normal; +5 = more and Bowel consistency: -5 = harder; 0 = 
normal; +5 = looser.  
 
Outcome Measure (Subjective Jet Lag) 
i) Subjective Jet Lag at T1, T2 T3 and T4. The Liverpool Jet Lag Questionnaire 
(Waterhouse et al., 2000) was used to assess jet lag at 8:00, 12:00, 16:00, 20:00 and 24:00 h 
and at T1, T2, T3 and T4 by VAS scale (see Appendix 3). For jet lag, the scale consisted of a 
line divided into 10 parts, the extremes of the scale were labeled 0 (insignificant jet lag) and 
10 (very bad jet lag).  
 
3.2.4 Procedure 
i) Following Ethical approval (Appendix 1), the study was advertised in „‟‟‟‟‟‟‟‟‟‟‟‟‟‟ 
(Appendix 2) and interested participants could find further information on a dedicated 
intranet page; 
  
87 
 
ii) Participants who decided to take part were met by the experimenter in order to explain the 
purpose, methods, benefits, and risks of the research study. A Consent form was signed 
(Appendix 4); 
iii) Participants were given a data pack with instructions on when to fill out the different 
questionnaires (Figure 3.1) and how to use the actiwatch (Appendix 2). 
iv) Participants returned the data pack and actiwatch at the end of the study (last day off 
following a return long-haul trip). 
 
 
Figure 3.1. Study protocol 
The complexity of jet lag questionnaire (e.g. different items at different times) was reduced 
by sorting the items by time of completion (see Appendix 2): 
i) Jet lag, sleep, fatigue at 8:00 h; 
ii) Jet lag, fatigue, meals and mood at 12:00 h; 
iii) Jet lag, fatigue, meals and mood at 16:00 h; 
iv) Jet lag, fatigue and meals at 20:00 h; 
v) Jet lag, fatigue and bowel activity at 24:00 h. 
 
3.3 Results 
 
3.3.1 Statistical Analysis 
SPSS 18 was used to conduct data analysis. The data were analysed to: 
i) Screen the data for normality; 
ii) Assess response rates at different time points; 
iii) Assess the reliability of the measures used; 
iv) Describe participants profile characteristics at baseline; 
v) Evaluate the changes in jet lag and its subcomponents (fatigue, sleep, attitudes to 
meals, mood/cognitive performance and bowel activity), objective sleep parameters 
Day before 
Flight (T1)
•ME Q.
•Cope Q.
•SACL Q.
•Jet-lag  Q.
Day Land 
(T2)
• SACL Q
•Jet-lag Q.
First Day Off 
(T3)
•SACL Q
•Jet-lag Q.
Last Day Off 
(T4)
•SACL  Q
•Jet-lag Q
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and SACL scores across the four study days using a repeated measure ANOVA with 
a post hoc Bonferroni test for multiple comparisons for normally distributed 
variables. Greenhouse-Geisser corrections for violations of sphericity were applied. 
Instead, the Friedman test was used for items that were not normally distributed. For 
post-hoc, a series of Wilcoxon tests with Bonferroni corrections for each pair of 
variables were used. For subjective Jet Lag and its subcomponents, a mean score for 
each study day (e.g. T1, T2, T3 and T4) was created for the  between-day 
comparisons as jet lag and some of  its subcomponents were assessed several times a 
day (jet lag = five times; fatigue = five times; meals = three times; mood = twice, see 
section 3.2.4); 
vi) Assess the relationship between jet lag and fatigue and the daily time courses for 
subjective jet lag, fatigue, attitudes to meals and mood/cognitive performance across 
the four study days using a repeated measure ANOVA with a post hoc Bonferroni 
test for normally distributed variables.  Greenhouse-Geisser corrections for violations 
of sphericity were applied. A mean score for each time (e.g. 8:00 h) across all study 
days (e.g. T1, T2, T3 and T4) was created for this analysis: 
 
Item Mean across four study days for each time point 
Jet lag               8:00; 12:00; 16:00; 20:00; 24:00 h 
Fatigue              8:00; 12:00; 16:00; 20:00; 24:00 h 
Hunger 12:00; 16:00; 20:00 h 
Palatability 12:00; 16:00; 20:00 h 
Satiety 12:00; 16:00; 20:00 h 
Concentration 12:00; 16:00 h 
Motivation 12:00; 16:00 h 
Irritability 12:00; 16:00 h 
  
In addition, analyses were carried out on each study day to assess differences in daily 
patterns across study days; 
vii) Assess the role of profile variables and psycho-behavioral variables in predicting 
subjective jet lag on the first day off (Time 3), taking into account jet lag at baseline 
(Time 1) by using screening correlations followed by hierarchical multiple regression 
analysis. As perceived Jet Lag was assessed five times a day, three outcome 
measures were used:  
- Jet lag in the morning (at 8:00 h); 
- Jet Lag during the day (composite score: 12:00, 16:00 and 20:00 h)  
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- Jet lag before retiring (24:00 h)  
A series of two-stage hierarchical regressions were conducted with the above 
measures as „dependent variables‟. To control for the influence of perceived jet lag at 
T1, the first block included jet lag at T1 (three variables: 8:00 h; 12:00 h, 16:00 h, 
20:00 h and 24:00 h) and the second block  included the profile characteristics 
measured at baseline as well as SACL and related jet lag symptoms at T1 and T2  
(composite scores). Psycho-behavioural composite scores for T1 (baseline) and T2 
(day land) were selected to capture the perception of symptoms and performance pre-
and post flight as it was felt that the perception of symptoms at T1 alone was 
considered too far away to relate to outcome and variables at T2 only captured post-
flight (acuteness); 
viii) A final hierarchical multiple regression analysis was carried out to assess the extent 
to which the overall perception of Jet lag at T3 (composite score: 8:00 h, 12:00 h, 
16:00 h, 20:00 h, 24:00 h) was predicted by profile and psycho-behavioural variables.  
 
3.3.2 Data Screening 
All data were examined for normality, missing values and outliers. A value of ± 3.29, (p 
<.001) for skewness and kurtosis/SE was used to assess for normality, a strategy used for 
small to moderate samples (< 100, Tabachnick & Fidell, 2007). Because of the demanding 
schedule at Time 2 (day land), which meant some crew may have been still in-flight or asleep 
following a night flight, some times of testing (e.g. 8:00 h, 12:00 h, 16:00 h, 20:00 h, 24:00 h) 
relative to the subjective jet lag scale (Appendix 3), were missed. The response rate on day 
land for each variable of the jet lag scale is illustrated in Table 3.1 and the response rate for 
all study days [baseline (T1), day land (T2), first day off (T3) and last day off (T4)] for each 
variable of the jet lag scale is shown in Table 3.2. 
 
3.3.3 Response Rate and Missing Data 
Of 36 participants, only one filled in the demographic questions therefore 35 participants 
were included in the analysis.  Because of the small sample, casewise deletion was not 
chosen as this would have reduced the sample to 19 participants across the study (Table 3.2).  
Instead, where missing data occurred, daily means were created by allowing for a maximum 
of two missing values for variables with five testing times per day (e.g. jet lag) and a 
maximum of one missing value for variables with two and three testing times (e.g. mood and 
attitudes to meals).  
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Table 3.1  
Response Rate (Number of Participants x Times of Testing) at T2 (Day Land) 
Variable 
Test 
times 
Max no. of possible 
responses x Day 
Actual no of responses per 
day 
Response 
rate at T2 
Overall 
response 
rate 
   
T1 T2 T3 T4 
 
 
Jet lag 5 175 175 152 170 167 87% 95% 
Fatigue 5 175 175 152 170 167 87% 95% 
Ease sleep 1 35 35 26 32 33 74% 90% 
Time to sleep 1 35 35 24 30 33 74% 87% 
Sleep quality 1 35 35 26 32 33 74% 90% 
Waking time 1 35 35 25 30 33 71% 88% 
Waking alertness 1 35 35 26 32 33 74% 90% 
Hunger 3 105 104 92 101 99 88% 94% 
Palatability 3 105 104 91 101 99 87% 94% 
Satiety 3 105 104 91 101 99 87% 94% 
Concentration 2 70 70 59 70 67 84% 95% 
Motivation 2 70 70 59 70 67 84% 95% 
Irritability 2 70 70 59 70 67 84% 95% 
Bowel frequency 1 35 34 31 33 32 89% 93% 
Bowel consistency 1 35 33 31 32 32 89% 91% 
Stress (SACL) 1 35 35 35 35 35 100% 100% 
Arousal (SACL) 1 35 35 35 35 35 100% 100% 
Sleep efficiency  1 35 35 35 35 34 100% 99% 
Sleep latency 1 35 35 35 35 34 100% 99% 
Fragmentation Index 1 35 35 35 35 34 100% 99% 
 
 
Table 3.2 
Sample Size for Each Variable (Jet Lag Variables are Composite Scores) Across the Study  
      
Variable 
 
Day of assessment 
      
      
  
T1 T2 T3 T4 
Jet lag n = 35 31 35 35 
Fatigue n = 35 31 35 35 
Ease sleep n = 35 26 32 33 
Time to sleep n = 35 24 30 33 
Quality of sleep n = 35 26 32 33 
Waking time n = 35 25 30 33 
Waking alertness n = 35 26 32 33 
Hunger n = 35 31 35 34 
Palatability n = 35 31 35 34 
Satiety n = 35 31 35 34 
Concentration n = 35 31 35 33 
Motivation n = 35 31 35 34 
Irritability n = 35 31 35 34 
Bowel frequency n = 34 31 33 32 
Bowel consistency n = 33 31 32 32 
Listwise deletion n = 32 19 26 30 
Stress (SACL) n = 35 35 35 35 
Arousal (SACL) n = 35 35 35 35 
Sleep efficiency n = 35 35 35 32 
Sleep latency n = 34 34 34 32 
Fragmentation index n = 34 34 34 32 
      
 
Table 3.2 summarises the sample size for each variable for each day. Casewise deletion for 
repeated measures analyses was then applied for each variable.  Missing data occurred mainly 
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on the day crew landed (T2) as daytime sleep (only one testing time per day) resulted in 
missing the 8:00 h and/or 12:00 h questions. As a result, repeated measures analysis for 
subjective sleep was the most affected by missing data (Table 3.1) after cases were excluded 
listwise (N = 24 – 26, Table 3.2).  
 
3.3.4 Reliability of the Questionnaires Used 
Internal reliability of the questionnaires was assessed by using Cronbach‟s alpha and is 
reported in Table 3.3. Using the cut-off point of .7 (Field, 2013), the Morningness-
Eveningness Questionnaire (MEQ) and Stress and Arousal Scale (SACL) were found to be 
highly reliable. Overall, the COPE scale also showed acceptable internal consistency except 
for active coping, use of instrumental support, behavioural disengagement, suppression of 
competing activities and mental disengagement which were below .7.  
 
Table 3.3 
Reliability of Questionnaires Used
Questionnaire items  
MEQ (Morningness-Eveningness Q.) 14 .85 
SACL (Stress and Arousal Checklist) 30 
 
 Stress T1 18 .91 
 Stress T2 18 .88 
 Stress T3 18 .87 
 Stress T4 18 .93 
 Arousal T1 12 .87 
 Arousal T2 12 .86 
 Arousal T3 12 .90 
 Arousal T4 12 .92 
COPE  60 
 
  Substance use 4 .96 
  Religious coping 4 .94 
  Planning 4 .89 
  Humour 4 .89 
  Focus on and venting of emotions 4 .86 
  Acceptance  4 .85 
  Use of emotional social support 4 .82 
  Positive reinterpretation and growth 4 .79 
  Denial 4 .75 
  Restraint  4 .71 
  Active coping 4 .68 
  Use of instrumental social support 4 .61 
  Behavioural disengagement 4 .41 
  Suppression of competing activities 4 .29 
  Mental disengagement 4 .21 
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3.3.5 Descriptive Data (Profile Characteristics at Baseline) 
Participants’ Demographics 
As shown in Table 3.4, the majority of the cabin crew were British, single, female with no 
children and their average age was 39.8 years. Most crew did not have a supervisory role and 
had been working as crew, full time for an average of 13.1 years. In addition the majority of 
the sample (48.6%) did not show a preference for morningness or eveningness and were 
classified as „neither types‟.  
 
Table 3.4 
Descriptive Statistics for Demographics (N = 35) 
      
 
n % M SD Range 
      
Age 
  
39.83 6.5 27-53 
Gender 
     
  Male 12 34.3 
   
  Female 23 65.7 
   
Nationality 
     
  British 27 77.1 
   
  European 8 22.9 
   
Marital status 
     
  Single 22 62.9 
   
  Married 11 31.4 
   
  Divorced 2 5.7 
   
Children 
     
  0 29 82.9 
   
  1 1 2.9 
   
  2 3 8.6 
   
  3 1 2.9 
   
  4 1 2.9 
   
Length of Service 
  
13.1 5.33 3 - 25 
Type of contract 
     
  Full time 22 63 
   
  „‟‟‟‟‟ 11 31.3 
   
  „‟‟‟‟‟ 2 5.7 
   
Onboard role 
     
  Cabin crew 23 65.7 
   
  Supervisory grade 12 34.3 
   
Chronotype 
  
51.06 10.73 29-70 
  Definitely Morning Type   1 2.9 
   
  Moderately Morning Type   9 25.7 
   
  Neither Type 17 48.6 
   
  Moderately Evening Type 5 14.3 
   
  Definitely Evening Type   3 8.6 
   
       
Table 3.5 illustrates the trip characteristics of the sample. The average time change for the 
scheduled trip was -00:10 h (6:25 h, absolute measure) and the majority reported intending to 
stay on UK time during their trip which was on average 4.2 days. This equates to 48 hours at 
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destination. Including their baseline day, the average number of days off before the trip was 
4.26.  
 
Table 3.5 
Trip Factors (N = 35) 
      
 
n % M SD Range 
      
Time change (direction)
 
  
-0.17 h 6.70 - 8 - + 10 
Time change (size) 
  
6.16 h 2.41 1 - 10 
Direction of travel
 
     
  East  - Time change          4 11.4 1.50 h 0.58 (+1 - +2)  
  East  - Time change            15 42.9 6.60 h 2.16 (+3 - +10) 
  West - Time change                         16 45.7 -6.94 h 1.44 (-5  -  -8)  
  -8 10 28.6 
   
  -6 1 2.9 
   
  -5 5 14.3 
   
   1 2 5.7 
   
   2 2 5.7 
   
   3 2 5.7 
   
   4 1 2.9 
   
   5 1 2.9 
   
   5.30 2 5.7 
   
   7 2 5.7 
   
   8 5 14.3 
   
   9 1 2.9 
   
   10 1 2.9 
   
Stay on UK time 
     
   No 22 62.9 
   
   Yes 12 34.3 
   
Missing data 1 2.9 
   
Commuter 
     
  No 28 80 
   
  Yes 7 20 
   
      
Note. Times are shown as decimal hour. 
 
Table 3.6 shows that on average, the flight to destination occurred during the day whereas the 
return fight occurred during the night. Finally, crew had on average 3.11 days off after their 
trip was carried out evenly across summer (May – October) and winter (November - 
February) in the UK and at destination (54.3% and 51.4. Seasons were opposite to the UK at 
destination if the destination was in the Southern Hemisphere. 
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Table 3.6 
Trip Timetable (N = 35) 
       
 
n % M SD Range 
       
Days off before trip 
  
4.26 2.99 2 - 14 
  2 5 14.3 
   
  3-4 23 65.7 
   
  5-7 3 8.6 
   
  8-14 4 11.4 
   
Trip length 
  
4.2 1.28 3 - 9 
  3 12 34.3 
   
  4 11 31.4 
   
  5 8 22.9 
   
  6 3 8.6 
   
  9 1 2.9 
   
Season 
   
   
  Winter - UK 16 45.7 
 
   
  Summer - UK 19 54.3 
    
  Winter - Destination 17 48.6 
    
  Summer - Destination 18 51.4 
    
Trip report time 
  
14.17 3.5 8.17 - 20.75 
Outbound departure time 
  
15.7 3.45 10.17 - 22.17 
Outbound arrival time  
  
25.25 4.09 18.33 - 33.33 
Inbound departure time  
  
11.74 1.85 7.00 - 13.83 
Inbound departure time  
  
24.34 4.67 15.25 - 31.50 
Inbound arrival time  
  
10.45 4.07 4.08 - 17.25 
Inbound duty time 
  
11.9 2.17 7.17 - 15.17 
Days off after trip 
  
3.11 0.58 2 - 4 
Days off before trip 
  
4.26 2.99 2 - 14 
       
Note. Times are shown as decimal hour. 
 
3.3.6 Between-Day Comparisons for Subjective Jet Lag and its Subcomponents 
(Fatigue, Sleep, Attitudes to Meals, Mood/Cognitive Performance and Bowel Activity), 
Feelings of Stress Arousal and Objective Sleep Across Four Study Days   
The first set of analyses examined the between-day comparisons [baseline (T1), day land 
(T2), first day off (T3) and last day off (T4)] within the cabin crew sample for jet lag and its 
subcomponents, the SACL subscales (stress and arousal), sleep efficiency %, sleep latency 
and Fragmentation Index. A repeated measure ANOVA was used with a post hoc Bonferroni 
test for multiple comparisons for normally distributed variables. Instead, the Friedman test 
was used for items that were not normally distributed. For post-hoc, a series of Wilcoxon 
tests for each pair of variables was used. For post-hoc analysis, Bonferroni correction was 
applied, resulting in a significance level set at p < .013 (significance level .05/4). Table 3.7 
and Figure 3.2 shows the mean daily scores for jet lag and its associated symptoms and 
Tables 3.11 to 3.13 show the day in which a variable returns to baseline. 
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Jet Lag. For jet lag there was a between day effect (F(3, 90) = 40.46, p < .001), p

 = .57 
representing a very large effect. Post hoc comparisons revealed that jet lag significantly 
increased on the day crew landed (p < .001) when compared to baseline levels. Jet lag on 
crew‟s first day off was significantly higher (p < .001) when compared to baseline scores but 
significantly lower than jet lag on day land (p < .05). Jet lag on the crew‟s last day off was 
significantly lower than the day crew landed (p < .001) and the first day off (p < .001). There 
was no difference between baseline jet lag scores and reported jet lag on the last day off (p = 
.37). 
 
Table 3.7 
Between-Day Mean Scores for Jet Lag and its Subcomponents at Baseline (T1), Day Land 
(T2), First Day Off (T3) and Last Day Off (T4) 
       
Variable N 
 
Time 
      
    
   
T1 T2 T3 T4 
Jet lag 31 M (SD)= 1.72 (1.70)a 6.19 (1.23)b 4.80 (2.51)c 2.44 (2.30)a,d. 
  
Range =  0.00 – 5.30 0.00 - 9.55 0.00 - 9.26 0.00 - 7.78 
Fatigue 31 M (SD)= .09 (.88)a 1.94 (1.99)b .58 (1.83a .56 (1.44)a 
  
Range =  -2.80 - 2.36 -4.93 - 4.64 -3.60 - 4.02 -4.15 - 3.74 
Ease sleep 26 M (SD)= -.05 (2.12)a -1.99 (2.85)b .84 (3.01)a,c -.16 (1.86)a 
  
Range =  -4.40 - 4.30 -5.00 - 3.80 -4.80 - 5.00 -4.50 - 3.30 
Time to sleep 26 M (SD)= 1.26 (1.30)a 1.43 (3.36)a .75 (2.06)a .53 (1.53)a 
  
Range =  -0.20 - 4.20 -4.80 - 5.00 -3.50 - 4.20 -4.30 - 4.00 
Quality of sleep 26 M (SD)= .02 (2.26)a -1.21 (2.79)a .93 (2.86)a,b -.07 (1.97)a 
  
Range =  -4.70 - 4.90 -5.00 - 4.80 -4.70 - 5.00 -4.80 - 3.30 
Waking time 24 M (SD)= .14 (1.57)a -1.49 (3.60)a -.19 ( 2.40)a -.41 (1.69)a 
  
Range =  -3.40 - 4.40 -5.00 - 5.00 -4.60 - 4.50 -4.40 - 3.20 
Waking alertness 26 M (SD)= .28 (1.52)a -1.83 (2.58)b -.97 (2.14)a,b -.43(1.98)a,b 
  
Range =  -2.90 - 4.00 -5.00 - 4.00 -4.70 - 4.00 -5.00 - 3.80 
Hunger 31 M (SD)= .21 (1.23)a -1.22 (2.14)b -.36 (1.45)c -.04 (.92)a,c 
  
Range =  -2.83 - 4.37 -4.80 - 3.20 -4.00 - 2.53 -2.70 - 2.07 
Palatability 31 M (SD)= .31 (.85)a -1.12 (1.77)b -.20 (1.38)a,c .13 (.74)a,c 
  
Range =  -1.83 - 2.30 -4.70 - 3.10 -4.10 - 2.57 -1.93 - 1.23 
Satiety 31 M (SD)= .29 (.78)a -.45 (1.49)a .30 (.57)a .45 (.82)a 
  
Range =  -1.50 - 2.27 -4.00 - 3.75 -1.03 - 2.17 -0.97 - 2.97 
Concentration 31 M (SD)= .02 (1.16)a -1.80 (1.99)b -.76 (1.49)a .15 (1.31)a,c 
  
Range =  -2.40 - 3.30 -4.90 - 4.00 -4.30 - 3.65 -3.15 - 3.65 
Motivation 31 M (SD)= .24 (1.41)a -1.60 (2.15)b -.93 (2.00)b,c -.22 (1.81)a,b 
  
Range =  -3.35 - 4.05 -4.90 - 4.00 -4.60 - 3.80 -4.15 - 4.10 
Irritability 31 M (SD)= -.63 (1.89)a -.23 (2.52)a .26 (1.89)a -.61 (1.83)a 
  
Range =  -4.60 - 2.55 -4.90 - 4.05 -4.70- 4.40 -4.75 - 4.60 
Bowel frequency 27 M (SD)= -.84 (1.97)a -1.36 (2.30)a -.77 (1.90)a -.54 (1.56)a 
  
Range =  -4.70- 2.30 -4.80- 3.30 -5.00- 2.20 -4.80- 3.10 
Bowel consistency 27 M (SD)= .14 (1.84)a -.52 (2.14)a .07 (1.49)a .18 (1.40)a 
  
Range =  -4.50- 3.90 -4.80- 2.90 -4.60- 3.10 -4.90- 1.90 
              
Note. Items sharing the same subscript are not significantly different. Items highlighted in bold show a between-day effect 
 
 
Fatigue. For fatigue, there was a statistically significant difference between the four days (χ2 
(3) = 29.57, p < .001).   Fatigue increased markedly from baseline to the day crew landed 
back home (Z = -3.82, p < .001) and decreased significantly on the crew‟s first day off (Z = -
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3. 03, p < .005) and last day off (Z = -3.28, p < .001) when compared with the day crew 
landed.  There was no difference between baseline fatigue scores and reported fatigue on the 
first day off (Z = -1.94, p = .052) and last day off (Z = -1.96, p = .05) and between the first 
day off and the last day off (Z = -.14, p = .89). 
 
 
 
 
Figure 3.2. The mean daily values of jet lag and its subcomponents on the four study days: 
baseline (T1), day land (T2), first day off (T3) and last day off (T4). *Variables showed a 
significant between-day trend. 
t
Variables showed a trend towards significance. 
 
Sleep 
Ease of falling asleep. The ANOVA on ease of falling asleep showed between-day effect (F 
(3, 75) = 5.77, p < .001,p

 = .19 representing a large effect). Post hoc tests showed that crew 
found it more difficult to fall asleep on the day they landed than any other day. Post-hoc tests 
revealed that the difference is significant when ease of falling asleep on the day crew landed 
is compared with baseline (p < .05), ease of falling asleep on the first day off (p < .05) and 
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last day off (p < .05). There was no difference in reported ease of falling asleep between 
baseline and the last day off (p = 1.0). 
 
Time of Falling Asleep and Waking Time. Although crew fell asleep later than normal with 
a greater increase on the day they landed compared to baseline, the difference in mean time 
of falling asleep between the four study days was not significant (χ2 (3) = 6.17, p = .10).  
Similarly, despite the fact that crew woke up earlier post-flight compared to pre-flight, there 
was no significant between-day effect for waking time (χ2 (3) = 4.16, p = .25). As shown in 
Table 3.8, when flight direction was taken into consideration (west crew = 13, east crew = 
11) there was no between-day effect for time of falling asleep for either west crew (χ2 (3) = 
5.9, p = .10) or east crew (χ2(3) = 1.91, p = .60).  Similarly, there was not between-day effect 
for waking time for either west crew (χ2(3) = .58, p = .9) or east crew (χ2(3) = 6.42, p = .09). 
 
Table 3.8 
Between-Day Mean Scores for Subjective Time Asleep and Waking Time for West and East 
Crew 
                                                                                           
Variable n Time  
  
 
T1 T2 T3 T4 
  
M (SD) M (SD) M (SD) M (SD) 
Time asleep west       13 1.61 (1.50)a 2.06 (3.33)a .94 (2.23)a .51 (1.34)a 
Time asleep east        11 .85 (.89)a .69 (3.38)a .54 (1.92)a .56 (1.80)a 
Waking time west      13 .11 (1.50)a -.74 (3.71)a -.22 (2.22)a -.69(2.04)a 
Waking time east       11 .43 (1.68)a -2.38 (3.41)a -.67 (2.62)a -.08(1.14)a 
      
Note. Items sharing the same subscript are not significantly different. 
 
Quality of Sleep. There was a significant between-day trend in the quality of sleep reported 
(χ2 (3) = 12.20, p < .01). Post hoc analysis with Wilcoxon Signed-rank tests revealed that 
quality of sleep decreased from the day before the flight to the day crew landed  but this 
difference was not significant using a  Bonferroni adjusted alpha level of .013 (Z = -2.08, p = 
.05). However, there was a significant improvement in quality of sleep on crew‟s first day off 
compared to the day crew landed (Z = -2.49, p < .013).  There was no significant difference 
between the reported number of waking episodes at baseline and the first day off (Z = -1.02, 
p = .32) and the last day off (Z = -.13, p =.90). 
 
Waking Alertness 30 Minutes After Rising. A repeated measures ANOVA with a 
Greenhouse-Geisser correction revealed that mean reported waking alertness was statistically 
different between the four days (F(2.34,  58.58) = 5.56  p < .001, p

 = .18, representing a 
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large effect). Post hoc tests using the Bonferroni correction revealed a significant fall in 
waking alertness 30 minutes after rising on the day crew landed (p < .005) compared to 
baseline. There was no significant difference between waking alertness  on crew‟s first day 
off and alertness and baseline (p = .24) the day crew landed (p = .36)  last day off (p = .68).  
 
Attitudes to Meals 
Hunger. There was a significant difference in reported hunger (χ2(3) = 13.75, p < .005) 
between the four days. Post hoc analysis with Wilcoxon Signed-rank tests (using a  
Bonferroni adjusted alpha level of .013)  showed that hunger decreased significantly on the 
day crew landed compared to the day before the flight (Z = -3.2, p < .001). There was no 
difference between hunger at time 2 and time 3 (Z = -2.09, p = .05). However, there was a 
significant increase in reported hunger between the day crew landed and last day off (Z = -
2.52, p < .01). Crew still felt significantly less hungry on their first day off than on the day 
before their flight (Z = -2.44, p < .01). Finally, there was no significant difference between 
baseline hunger and hunger on crew‟s last day off (Z= -.86, p = .39).  
 
Palatability. A repeated measures ANOVA with a Greenhouse-Geisser correction 
determined that mean reported palatability differed statistically significantly between the four 
days (F(2.02, 60.69) = 14.35 p < .001),  p

 = .32, representing a large effect. Post hoc tests 
using the Bonferroni correction revealed that crew found their meals less appetizing on the 
day they landed compared to baseline (p < .001). When compared with scores on the day 
crew landed, palatability increased significantly on the first day off (p < .01). Palatability 
increased significantly on crew‟s last day off compared to the day crew landed back home (p 
<.001). There was no significant difference between baseline palatability and palatability on 
crew‟s first day off (p =.08) and last day off (p = 1.00).  
 
Satiety. There was no between day effect for satiety (χ2(3) = 1.25, p = .76). 
 
Mood and Cognitive Performance 
Concentration. There was a significant difference for concentration between the four study 
days (χ2(3) = 26.86, p < .001). Post hoc analysis with Wilcoxon Signed-rank tests (with a 
Bonferroni correction) revealed that reported concentration was significantly lower on the 
day crew landed compared to baseline levels (Z = -3.52, p < .001), first day off (Z = -2.84, p 
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<.01) and last day off (Z = -3.41, p < .001). There was no significant difference between 
baseline concentration levels and reported concentration on the first day off   (Z = -2.12, p = 
.03) and the last day off (Z = -.66, p = .52). 
 
Motivation. For Motivation there was also a between day effect (F(2.22, 66.47) = 8.49, p < 
.001, p

 
 
= .23 which represents a medium effect. The results from Post hoc analysis with 
Wilcoxon Signed-rank tests (using a Bonferroni adjusted alpha level of .013) showed that 
reported motivation was significantly lower on the day crew landed compared to baseline 
levels (p < 0.001).  Motivation on the first day off was also significantly lower than baseline 
levels (p < .02). Although still low, there was no significant difference between motivation on 
the day crew landed and the first day off (p = .93). There was also no significant difference 
between baseline motivation levels and subjective motivation and the last day off (p = .41). 
 
Irritability. A repeated measures ANOVA with a Greenhouse-Geisser correction determined 
that although crew rated themselves more irritable on the day they landed, mean reported 
irritability did not differ significantly between the four days (F(2.17,  65.04) = 2.19, p =.10) 
but the difference was not significant.  
 
Bowel Activity. For bowel frequency and consistency there was no significant between-day 
effect, respectively (χ2(3) = 2.03, p = .57) and (χ2(3) = .43, p = .93. 
 
SACL 
Arousal. Table 3.9 shows that there was a significant between-day trend for arousal (χ2(3) = 
40.03, p < .001). Cabin crew significantly reported less arousal on the day they landed (Z = -
4.87, p < .001) compared to baseline scores. Compared to the day crew landed, arousal 
significantly increased on their first day off (Z = -2.97, p < .01) and last day off (Z = -4.44, p 
< .001). Arousal was still significantly lower on crew‟s first day off than baseline levels (Z = 
-3.00, p < .01) but it increased significantly on crew‟s last day off (Z = -3.58, p < .01).  There 
was no difference between baseline arousal and reported arousal on the last day off (Z = -.74, 
p = .46). 
 
 
 
  
100 
 
Table 3.9 
Between-Day Mean Scores for SACL (Arousal and Stress Subscales) 
                                                                                                      
      
SACL N 
 
Time 
       
   
T1 T2 T3 T4 
Arousal 35 M (SD)= 7.45 (3.64)a 2.43 (2.88)b 5.00 (3.94)c 8.14 (4.00)d.a 
  
Range = 2.00 - 12.00 0 - 11 0 - 12 0 - 12 
Stress 35 M (SD)= 3.49 (4.40)a 7.14 (4.85)b 3.94 (4.05)a,c 3.11 (4.61)d,a 
  
Range = 0 - 16 0 - 18 0 - 17 0 - 18 
       Note. Items sharing the same subscript are not significantly different. 
 
Stress. Similarly, there was a between-day effect for the report of stress (χ2(3) = 18.13, p < 
.001). Reported stress was significantly higher on the day crew landed (Z = -3.16, p < .01) 
when compared to baseline. However, it significantly increased on the first day off (Z = -
3.36, p < .001) and last day off (Z = -3.49, p < .001) when compared to the day crew landed. 
There was no difference between baseline stress scores and stress scores on the first day off 
(Z = -1.09 p = .28) and last day off (Z = -0.55, p = 1.00). 
 
Sleep Performance (Actiwatch data) 
Table 3.10 illustrates actigraphy derived sleep performance across the study period. The sleep 
summary reports for each participant are contained in Appendix 5.  
 
Table 3.10 
Between-Day Mean Scores for Objective Sleep Efficiency (SE), Sleep Onset Latency (SOL) 
and Fragmentation Index (F.I.) 
                                                                                   
      
Variable n 
 
Time 
       
   
T1 T2 T3 T4 
   
M (SD) M (SD) M (SD) M (SD) 
SE  %
d
              31 M (SD)= 87.18 (5.57)a 77.35 (16.92)b 87.11 (7.07)a,c 86.07 (8.17)a,c 
  
Range =  77.70 - 97.70 32.70 - 97.90 71.80 - 97.80 68.20 - 97.40 
SOL
e
 28 M (SD)= 16.41 (18.28)a 06.37 (06.12)a
t 
08.16 (8.14)a 12.51 (13.12)a 
  
Range = 0 - 56 0 - 26 0 - 31 0 - 44 
F.I. %
f
                31 M (SD)= 24.95 (10.17)a 34.15 (19.14)b 26.90 (12.27)a 28.33 (13.55)a 
  
Range =  5.30 - 41.80 0.70  -71.30 9.00 - 51.40 2.60 - 52.10 
       
Note. Items sharing the same subscript are not significantly different. 
d
One outlier excluded: SE,T1 = 59.10%. 
e
Represented as minutes (decimal time). Four outliers excluded: SoL T2 = 41 minutes;  SOL T3 = 116, 57 & 42 
minutes. 
f
One outlier excluded: F.I., T4 = 71.60%. 
 
Sleep Efficiency (%). A repeated measures ANOVA with a Greenhouse-Geisser correction 
revealed a between-day effect for sleep efficiency (F(1.77, 53.09) = 9.43, p < .001, p

= .24, 
representing a large effect. Post hoc tests showed that there was a statistically significant 
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decrease in sleep efficiency on the day crew landed compared to baseline (p < .001). Sleep 
efficiency increased significantly on the first day off and last day off (both p < .001) when 
compared to the post-flight day. There was no significant difference between sleep efficiency 
at baseline and sleep efficiency on the first day off and last day off (respectively p = .95 and p 
= .41). 
 
Fragmentation Index (F.I., %). Friedman test showed that for the Movement and 
Fragmentation Index there was a between-day effect (χ2(3) = 11.25, p < .01). Post hoc tests 
revealed that crew were significantly more restless on the day they landed than on the day 
before the flight (Z = -2.49, p < .01). None of the other pairwise comparisons were 
significant: T1 – T3 (Z = - .90, p = .27), T2 – T3 (Z =   -1.84, p = .07), T2 – T4 (Z = -1.85,    
p = .07) and T1 – T4 (Z = -.40, p = .69).  
 
Sleep Onset Latency (SOL). Finally, a between-day effect was found for sleep onset latency 
(F(3, 81) = 4.35, p < .01, p

= .14, representing a medium effect. However, although crew 
took less time to fall asleep on the day they landed when compared to baseline, post hoc 
comparisons revealed that the mean difference in sleep onset latency between T1 and T2 only 
showed a trend towards significance (p = .06) after Bonferroni adjustment.  
 
Table 3.11 
Day Number by Which a Variable was no Longer Significantly Different from Baseline: Jet 
Lag Questionnaire, SACL and Objective Sleep 
 
Variable                                        Day 
Jet Lag Questionnaire 
 
 
Jet Lag Last Day Off 
 
Fatigue First Day Off 
 
Ease of falling asleep First Day Off 
 
Time asleep n.s. 
 
Quality of sleep First Day Off 
 
Waking time n.s. 
 
Waking alertness First Day Off 
 
Hunger Last Day Off 
 
Palatability First Day Off 
 
Satiety n.s. 
 
Concentration First Day Off 
 
Motivation Last Day Off 
 
Irritability n.s 
 
Bowel frequency n.s 
 
Bowel consistency n.s 
SACL 
 
 
Arousal (SACL) First Day Off 
 
Stress (SACL) First Day Off 
Objective sleep 
 
 
SE  %                 First Day Off 
 
SOL (minutes)          n.s 
 
F.I. %                 First Day Off 
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Finally, Table 3.11 shows that following transmeridian travel, most psycho-behavioural 
variables return to baseline by the first day off except for jet lag, hunger and motivation 
which exhibit the same pattern of recovery.  
 
3.3.7 Daily Time Courses for Jet Lag, Fatigue, Attitudes to Meals and Mood/Cognitive 
Performance Across the Four Study Days 
 
Overall Within-Day Analyses (Table 3.12). Further analyses explored the daily time 
courses for jet lag, fatigue, attitudes to meals and mood/cognitive performance. Composite 
scores across the four study days e.g. jet lag at 8:00 h at T1 (baseline), T2 (day land), T3 
(first day off) and T4 (last day off) were created by allowing for a maximum of one missing 
value. Details of sample size for each variable are reported in Appendix 6 (Table 1).  
 
Table 3.12 
Within-Day Comparisons for Jet Lag, Fatigue, Attitudes to Meals and Mood/ Cognitive 
Performance for the Four Study Days: Baseline, Day Land, First Day Off and Last Day Off 
 
Note. Items sharing the same subscript are not significantly different. 
a One outlier excluded: Palatability at 20:00 h : M = - 4.08. 
bOne outlier excluded: Satiety at 20:00 h : M = 3.15. 
cOne outlier excluded: Concentration at 16:00 h : M = - 3.33. 
dOne outlier excluded: Motivation at 16:00 h : M = 3.73. 
 
Although jet lag and fatigue at all times throughout the study (four study days x five times of 
testing per day: 8:00 h, 12:00 h, 16:00 h, 20:00 h, 24:00 h) were significantly related (r = .45, 
p < .01), a repeated measures ANOVA with a Greenhouse-Geisser correction (Table 3.12) 
revealed that there was no significant within-day effect for jet lag whereas there was a 
Variable df,Error F/t p
8:00 h 12:00 h 16:00 h 20:00 h 2400 h
Jet Lag              n  = 29 3.90 (1.89)a 3.76 (1.63)a 3.68 (1.81)a 3.69 (1.81)a 3.88 (2.12)a 2.31, 64.54 F = 0.48 .64
Range = 0.00 - 7.03 0.00 - 6.73 0.00 - 6.93 0.00 - 7.10 0.00 - 7.63
Fatigue             n  = 29 0.53 (1.35)a,b 0.76 (0.92)a,b 0.73 (1.11)a,b 0.62 (1.20)a, 1.25 (1.36)b 2.60, 72.68 F  = 3.67 .02
Range = -3.08 - 2.78 -1.87 - 2.73 -1.33 - 3.45 -1.53 - 3.75 -1.07 - 4.50
Hunger n  = 34 -0.28 (1.18)a -0.48 (1.30)a -0.13 (1.23)a 2, 66 F  = 1.02 .37
Range = -2.30 - 3.00 -3.55 - 2.60 -3.60 - 2.28
Palatability
a n  = 33 -0.18 (1.13)a -0.05 (0.86)a -0.18 (0.93)a 2, 64 F  = 0.45 .64
Range = -3.20 - 2.40 -1.93 - 1.60 -2.25 - 2.00
Satiety
b n  = 33 0.31 (0.70)a 0.14 (0.78)a 0.49 (0.62)a 2. 64 F  = 2.63 .08
Range = -1.20 - 1.90 -1.50 - 1.65 -0.75 - 1.85
Concentration
c n = 33 -0.68 (0.86)a -0.73 (0.80)a 32 t = 0.44 .67
Range = -2.23 - 1.53 -3.18 - 0.97
Motivation
d n  = 33 -0.60 (1.34)a -0.88 (1.08)b 32 t = 1.96 .06
Range = -3.63 - 2.17 -3.98 - 1.15
Irritability n  = 34 -0.16 (1.56)a -0.42 (1.60)a 33 t  =1.42 .16
Range = -4.40 - 3.45 -4.58 - 4.10
 M (SD)
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significant within day trend for fatigue. Post hoc tests revealed that although reported fatigue 
tended to increase during the afternoon and evening, the only statistically significant increase 
was between 20:00 h and 24:00 h (p < .05, Figure 3.3). This indicated a lack of reproducible 
daily rhythm for jet lag and that the two variables are different given the different daily time 
courses.  Of the remaining jet lag subcomponents (attitudes to meals and mood/cognitive 
performance), only motivation showed a trend towards a significant within-day effect.  
 
 
Figure 3.3. The mean values of jet lag, fatigue, attitudes to meals and mood/cognitive 
performance at different times of measurements across the study composite score of  
baseline (T1), day land (T2), first day off (T3) and last day off (T4).* = Variables showed a 
significant within-day trend.  
 
Within-Day Analyses per Study Day. However, when analyses were carried out by day 
(Table 3.13), the results showed that unlike for baseline and days off, after the return (T2) 
some symptoms showed a within-day effect so that symptoms were worse at specific times of 
day while others (fatigue) did not show a daily rhythm.   
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Table 3.13 
Within-Day Comparisons for Jet Lag, Fatigue, Attitudes to Meals and Mood/ Cognitive 
Performance for the Four Study Days: Baseline, Day Land, First Day Off and Last Day Off 
 
Note. Items sharing the same subscript are not significantly different. Items highlighted in bold show a within-day effect. 
 
The lack of significant increase for fatigue at night (from 20:00 h to 24:00 h) for T2 (Figure 
1, Appendix 7), indicated that after the return, reported fatigue did not vary significantly 
during the day as observed at T1 and T3 (trend towards significance for T1 and significant 
day effect for T3, Table 3.13) but it remained significantly raised throughout the day. 
Similarly, at T2 hunger before a meal and enjoyment during a meal were significantly 
reduced at 12:00 h compared to 20:00 h (p < .05 and p < .01, respectively, Bonferroni 
correction applied), indicating a change in the pattern of responses to a meal post-return flight 
compared to baseline and days off (Figure 2, Appendix 7). Satiety at T2 showed a trend 
towards a significant within day effect whilst irritability was significantly reduced at 16:00 h 
compared to 12:00 h.   
 
Variable N df,Error F/χ 2 p
8:00 h 12:00 h 16:00 h 20:00 h 2400 h
Jet Lag           T1          n  = 35 1.82 (1.95)a 1.80 (2.21)a 1.78 (1.81)a 1.52 (1.80)a 2.01 (2.28)a 4 χ 2= 2.15 .71
Jet Lag           T2         n  = 22 5.72 (2.92)a 5.56 (2.57)a 5.14 (2.44)a 5.57 (2.281)a 6.26 (2.65)a 2.63, 55.26 F  = 1.52 .22
Jet Lag           T3          n  = 30 4.80 (2.91)a 4.72 (2.67)a 4.55 (2.721)a 4.25 (2.91)a 4.46 (3.21)a 2.85, 82.65 F  = 0.71 .54
Jet Lag           T4         n  = 30 3.06 (2.92)a 2.67 (2.18)a 2.74 (2.531)a 2.50 (2.65)a 2.44 (2.86)a 2.66, 77.02 F  = 1.31 .28
Fatigue           T1          n  = 35 -0.08 (1.47)a 0.01 (1.41)a -0.03 (1.84)a 0.11 (1.86)a 0.81 (2.19)a 4 χ 2= 8.99 .06
Fatigue           T2 n  = 22 1.85 (2.63)a 2.15 (2.16)a 2.23 (1.40)a 1.40 (2.27)a 2.73 (1.37)a 2.89, 60.66 F  = 1.77 .16
Fatigue           T3 n  = 30 0.02 (2.07)a 0.46 (1.82)a 0.54 (2.16)a 0.37 (2.15)a 1.20 (2.60)a 2.56, 74.28 F  = 3.00 .04
Fatigue           T4 n  = 30 0.72 (2.14)a 0.77 (1.69)a 0.56 (1.48)a 0.56 (1.32)a 0.70 (1.80)a 4 F  = 3.17 .53
Hunger           T1 n = 34 -0.04 (1.74)a 0.18 (1.68)a 0.42 (1.54)a 2 χ 2= 0.97 .62
Hunger           T2 n  = 25 -2.42 (2.23)a -1.79 (2.31)a,b -0.91 (2.58)b 1.70, 42.55 F  = 5.74 .01
Hunger           T3 n = 34 -0.06 (1.87)a -0.55 (1.99)a -0.39 (1.77)a 2 χ 2 = 0.45 .80
Hunger           T4 n = 34 0.43 (1.34)a -0.11 (1.04)a -0.27 (1.70)a 2 χ 2= 2.74 .25
Platability       T1 n = 34 0.57 (1.18)a 0.30 (1.22)a 0.28 (1.12)a 2 χ 2= 4.69 .10
Platability       T2 n = 25 -2.33 (1.81)a -1.22 (2.47)a,b -0.80 (2.05)b 1.68,40.30 F  = 7.16 .01
Platability       T3 n = 34 -0.23 (1.32)a -0.15 (1.50)a -1.16 (1.92)a 2 χ 2 = 0.55 .76
Platability       T4 n = 34 0.29 (1.34)a -0.04 (1.11)a -0.04 (1.63)a 2 χ 2 = 1.18 .55
Satiety             T1 n = 34 0.19 (1.24)a 0.13 (1.13)a 0.68 (1.29)a 2 χ 2= 2.42 .30
Satiety             T2 n = 25 0.59 (2.34)a -0.42 (2.13)a 0.80 (1.91)a 2.48 F  = 3.01 .06
Satiety             T3 n = 34 -0.23 (1.32)a -0.15 (1.50)a -0.16 (1.92)a 2 χ 2 = 0.55 .76
Satiety             T4 n = 34 0.37 (0.98)a 0.21 (1.04)a 0.65 (1.15)a 2 χ 2 = 4.78 .09
Concentration T1 n  = 35 0.08 (1.03) 0.10 (1.59)a 34 t  = -0.11 .91
Concentration T2 n  = 26 -1.76 (2.12)a -1.43 (2.19)a 25 t  = -1.62 .12
Concentration T3 n  = 35 -0.79 (1.56)a -0.84 (1.65)a 34 t  = 0.23 .82
Concentration T4 n  = 33 -0.18 (1.38)a -0.07 (1.48)a 32 t  = -0.54 .59
Motivation      T1 n  = 35 0.37 (1.50) 0.06 (1.68)a 34 t  = 1.04 .30
Motivation      T2 n  = 26 -1.53 (2.54)a -1.37 (2.20)a 25 t  = -0.53 .60
Motivation      T3 n  = 35 -0.87 (2.08)a -1.10 (2.06)a 34 t  = 0.98 .34
Motivation      T4 n  = 33 -0.33 (1.84)a -0.33 (1.91)a 32 t  = -0.03 .98
Irritability        T1 n  = 35 -0.67 (1.94)a -0.45 (2.10)a 34 t  = -0.68 .50
Irritability        T2 n  = 26 0.20 (2.82)a -0.37 (2.68)a 25 t  = -1.52 .14
Irritability        T3 n  = 35 0.49 (2.14)a -0.38 (2.12)b 34 t  = 2.55 .02
Irritability        T4 n  = 33 -0.38 (2.04)a -0.53 (1.87)a 32 t  = -0.57 .58
 M (SD)
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3.3.8 Relationship Among Profile Characteristics, Psycho-Behavioural Variables (T1, 
T2) and self-reported Jet Lag on the First Day Off (Time 3) 
Due to the small sample size, screening partial correlations were carried out to examine 
which variables should be entered in the multiple regression analyses in order to assess the 
ability of profile and psycho-behavioural variables to predict jet lag at Time 3.  Table 3.16 
illustrates the significant correlations among profile, psycho-behavioural variables (T1,T2) 
and three outcome measures at T3: self-reported jet lag in the morning (8:00 h), during the 
day (composite score of 12:00 h, 16:00 h and 20:00 h) and before retiring  (24:00 h). Details 
of sample size and response rate for the composite scores (T1 and T2) of psycho-behavioural 
variables is contained in Appendix 8 (Table 1).  The results showed that having children was 
related to lower levels of reported jet lag whereas being female was related to increased 
levels of reported jet lag measured in the morning. Higher Fragmentation Index scores (an 
objective measure of restlessness during sleep) and decreased levels of hunger before meals 
and palatability after meals were significantly related to an increase in subjective jet lag 
scores measured during the day and before retiring. Finally, among the psychological 
variables, stress scores (SACL) were significantly related to higher jet lag levels during the 
day.  
 
3.3.9 Predicting Subjective Jet Lag at Time 3 (First Day Off) 
 
Checking the Assumptions of Multiple Regression 
Prior to conducting hierarchical multiple regression, its assumptions were tested. Firstly, 
based on the expected large effect size (f
2 
=
 
.35), and three independent variables (Step 1: one 
variable, Step 2: two variables), a sample size between 29 and 32 participants was deemed 
adequate (Faul, Erdfelder, Buchner & Lang, 2009). According to Waterhouse et al. (2000), 
jet lag symptoms predicted on average 26% of the variance in jet lag scores, representing a 
large effect size.   
 
An examination of correlations revealed that no independent variables were highly correlated. 
This was also confirmed by the collinearity statistics which were all within accepted limits 
(VIFs were smaller than 10 and Tolerance values were greater than .10) indicating 
multicollinearity was not a problem (Tabachnick & Fidell, 2007). In addition, there were no 
extreme univariate outliers identified in initial data screening and an examination of the 
Mahalanobis distance scores indicated no multivariate outliers (< 16.27 = critical value for 
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three independent variables). In addition, there were no cases with Cook‟s distance values 
larger than 1 indicating that no case had undue influence on the results. 
 
Residual and scatter plots indicated the assumptions of normality, linearity and 
homoscedasticity were all satisfied except for the model predicting jet lag at 8:00 h on the 
first day off (Figures 1 – 3,  Appendix 9). As the control variable of baseline jet lag at 8:00 h 
did not have a normal distribution (Zskew = 3.35), a log transformation was employed but the 
results revealed no change to the model fit (Figure 4, Appendix 9). As a result, bootstrapping 
was used. Bootstrapping is primarily designed for small samples (in large samples the central 
limit theorem can be assumed).  This method reduces the impact of bias as it produces robust 
estimates (e.g. significance value and confidence intervals) in a way that is unaffected by the 
distribution of scores. The process takes bootstrap samples (1000) from the original sample, 
determines the parameters within each bootstrap sample and re-estimates them (e.g. standard 
errors, the confidence intervals and significance value) for each predictor based on the 
bootstrapped samples. The main advantage of this technique is that the bootstrap confidence 
intervals and significance values do not depend on the assumption of normality and 
homoscedasticity (Field, 2013). Finally, the Durbin-Watson test statistic values were all 
greater than the dU (1.425) indicating there were no serial correlations within the regression 
residuals (Table A-1, Models with an intercept, 1 per cent significance points of dL and dU, 
Durbin & Watson, 1951). A hierarchical multiple regression was chosen in order to evaluate 
which psycho-behavioural variable best predicted the four outcome measures of subjective jet 
lag at Time 3 (in the morning, during the day, before retiring and a composite score of jet lag) 
after controlling for the related within-day timing of jet lag at Time 1 (baseline). For this 
purpose, in each regression (Table 3.15) jet lag at Time 1 was entered on the first step of the 
equation, followed by the two strongest correlates of jet lag (Table 3.14) at step two. Except 
for the analysis of jet lag during the day (T3), baseline jet lag (within-day timing) was not 
predictive. 
 
 
 
 
 
 
 
 
  
 
 
Table 3.14 
Descriptive Statistics and Significant Partial Correlations Among Demographics, Trip Factors, Psycho-behavioural Variables and Self-
Reported Jet Lag at Time 3(First Day Off)  
                
        Jet lag T3 
  N M SD 8:00 h (n = 32) 12 h – 20 h (n = 35) 24 h (n = 33) Mean score (n = 35) 
Profile variables (T1)               
Gender (male-female) 35 0.66 0.48 .37*     .17 
Children (no-yes) 35 0.19 0.4 - .48**     - .27 
Objective sleep  T1, T2 (actigraphy)               
Fragmentation Index  35 29.65 13.34   .47** .37* .45* 
Stress-Arousal Checklist T1, T2 (SACL)               
Stress  35 5.29  3.59      .35* 0.32 
Attitudes to meals T1, T2               
Hunger before meals 31 -0.5 1.44   -.42* -.44* -.44* 
Palatability  31       -.39* -.41* -.41* 
Feeling bloated after Meals 31 0.31 0.93     .35 (p = .07)   
 
                
 
Note. Cases deleted listwise. *p < .05. **p < .01. Jet lag 8:00 h (M = 4.98, SD = 2.91, N = 32); Jet lag 12:00 – 20:00 h (M = 4.74, SD = 2.49, N = 
35); Jet lag 12:00 – 20:00 h (M = 4.89, SD = 2.39, N = 31); Jet lag 24:00 h (M = 4.47, SD = 3.09, N = 33); Jet lag 24:00 h (M = 4.60, SD = 2.87, 
N = 29); Jet lag composite score (M = 4.79, SD = 2.48, N = 35); Jet lag composite score (M = 4.96, SD = 2.36, N = 31). 
 
 
 
 
 
 
1
0
7
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Table 3.15 
Hierarchical Multiple Regression Analyses for Variables Predicting Self-Reported Jet Lag at 
T3 
 
Note. *p < .05. **p < .01. ***p < .001 
a
Predictors of subjective jet lag at 8:00 h (T3), with 95% bias corrected and accelerated confidence 
intervals. Confidence intervals and standard errors based on 1000 bootstrap samples. 
 
For jet lag measured in the morning (8:00 h), findings indicated that being female and having 
children explained 38% of the variance (R
2 
= .38, Adj R
2
 = .31, F(3, 28) = 5.68, p < .01). It 
was found that having children was the only significant predictor of jet lag in the morning (β 
= -.50, p < .01).  This indicated that having children predicted a decrease in perceived jet lag. 
This may be as a result of child related altered sleep patterns.  
Outcome Variable T3 n b 95% SE β R
2
ΔR
2
Jet Lag 8h
a 32 Step1 .01
4.73 3.31, 6.21 0.72
0.14 -0.39, 0.85 0.24 .10
Step2 .37
4.30 2.54, 6.47 1.10
-0.09 -0.40, 0.37 0.19 -.06
-3.66 -6.15, -1.05 1.22 -.50**
2.32 0.02, 4.84 1.06 .39
ΔF  = 8.32***
Jet Lag 12-20h 31 Step1 .07
4.29 3.09, 5.48 0.59
0.32 -0.12, 0.77 0.22 .27
Step2 .45
0.82 -0.94, 2.58 0.86
0.40 0.06, 0.74 0.17 .33*
0.10 0.05, 0.15 0.02 .55**
-0.85 -1.33, -0.37 0.24 -.50**
ΔF  = 12.63**
Jet Lag 24h 29 Step1 .03
4.16 2.62, 5.71 0.75
0.19 -0.29, 0.67 0.23 .16
Step2 .35
1.03 -.1.48, 3.54 1.22
0.22 -0.22, 0.67 0.22 .18
-0.95 -1.65, -0.26 0.34 -.48**
0.09 0.01, 0.17 0.04 .39*
ΔF  = 6.33**
Jet Lag Composite Score 31 Step1 .05
4.46 3.24, 5.69 0.60
0.26 -0.19, 0.71 0.22 .21
(8,12,16,20,24h) Step2 .44
1.11 -0.70, 2.91 0.88
0.35 -0.01, 0.71 0.18 .29
-0.88 -1.37, -0.38 0.24 -.53***
0.90 0.04, 0.14 0.02 .52***
ΔF  = 11.66***
  Jet Lag Composite score T1
  Hunger T1,T2
  Fragmentation Index T1,T2
  Fragmentation Index T1,T2
  Hunger T1,T2
  Jet Lag 24h T1
  Hunger T1,T2
  Fragmentation Index T1,T2
  Jet Lag Composite score T1
Predicitor Variable
  Constant
Constant
Constant
  Constant
  Constant
  Constant
  Constant
  Constant
  Jet Lag 24h T1
  Jet Lag 8h T1
  Jet Lag 8h T1
  Children 
  Gender 
  Jet Lag 12-20h T1
  Jet Lag 12-20h T1
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For jet lag measured during the day (composite score: 12:00 h, 16:00 h and 20:00 h), findings 
indicated that the model at step two explained 52% of the variance (R
2 
= .52, Adj R
2
 = .47, 
F(3, 27) = 9.77, p < .001). It was found that decreased perceived hunger before meals (β = -
.50, p < .01) and jet lag at T1 (β = .33, p < .05) significantly predicted increased levels of jet 
lag measured during the day. However, Fragmentation Index scores were the strongest 
predictor of subjective jet lag measured during the day (β = .55, p < .01)  This indicated that 
an increase in perceived jet lag was predicted by increased levels of restlessness during sleep 
measured objectively (actigraphy) at T1 and T2.   
 
For jet lag measured before retiring (24:00 h), again findings indicated that Fragmentation 
Index scores and hunger before meals two explained 35% of the variance (R
2 
= .35, Adj R
2
 = 
.28, F(3, 25) = 4.53, p < .001). Increased restlessness significantly predicted increased levels 
of Jet Lag (β = .39, p < .05)   However, hunger before meals was the strongest predictor of Jet 
lag before retiring (β = -.48, p < .01),  indicating that jet lag late in the evening  was best 
predicted by lower than „normal‟ appetite at meal times at baseline and on day land (T1 and 
T2).  
 
A final hierarchical regression was undertaken to assess the ability of significant predictor 
variables in the regressions to also predict an overall feeling of jet lag (composite score: 8:00 
h, 12:00 h, 16:00 h, 20:00 h and 24:00 h) taking into account an overall feeling of jet lag at 
T1 (baseline). As only two variables could be entered at step two due to the very small 
sample size, screening correlations were carried out. Of the variables that emerged as 
significant predictors of perceived jet lag at T3 (Table 3.16), Fragmentation Index scores and 
hunger before meals emerged as significant correlates of jet lag composite scores (r = .45, p < 
.05 and r = -.44, p < .05, respectively). Therefore, jet lag at T1 was entered at step one 
followed by Fragmentation Index scores and hunger before meals at step two.  
 
The results (Table 3.15) showed that Fragmentation Index scores and hunger before meals 
two explained 49% of the variance (R
2 
= .49, Adj R
2
 = .43, F(3, 27) = 8.56, p < .001). 
Increased restlessness significantly predicted increased levels of jet lag (β = .52, p < .001)   
However, hunger before meals was marginally the strongest predictor of the overall feeling of 
jet lag (β = -.53, p < .001) indicating that overall feeling of jet lag on crew‟s first day off was 
best predicted by lower than normal appetite at meal times at baseline and on day land (T1 
and T2).  
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3.3.10 Summary of Main Results 
i) The outcome variable of subjective jet lag (composite score) showed a between-day 
trend across the study, with a significant increase post-flight (T2); 
ii) Among the psycho-behavioural variables measured across the study jet lag 
subcomponents: fatigue, sleep, attitudes to meals, mood/cognitive performance, 
objective sleep and stress and arousal (SACL), most showed a between-day trend 
except for subjective sleep time and waking time, irritability and bowel performance. 
iii) Following transmeridian travel, most psycho-behavioural variables returned to 
baseline levels by the first day off (T3) except for jet lag, hunger and motivation 
which exhibited the same pattern of recovery;  
iv) Overall, perceived fatigue for all study days baseline (T1), day land (T2), first day 
off (T3) and last day off (T4) was the only jet lag symptom that changed throughout 
the day, with a significant increase between 20:00 h and 24:00 h (p < .05); 
v) However, when within-day analyses were carried out for each study day, daily 
patterns at T2 (day land) differed such that hunger and palatability were significantly 
reduced at lunchtime (12:00 h) compared to dinnertime (20:00h) at T2 but not at T1, 
T3 and T4. Similarly, fatigue at T2 and T4 were raised throughout the day (no within-
day effect) compared to T1 and  T3 (trend towards significance for T1 and significant 
day effect for T3); 
vi) A lower than „normal‟ perceived appetite at meal times and objective restlessness 
during sleep measured at T1 and T2 (composite scores) are consistent predictors  of 
subjective jet lag on crew‟s first recovery day (T3) (Figure 3.4).  
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Figure 3.4. Predictors of perceived jet lag at different time points on crew‟s first day off (T3)  
taking into account jet lag at  T1 (baseline). *p < .05. **p < .01. ***p < .001. 
 
3.4 Discussion  
This study had three main aims: i) to assess between-day differences across the study in 
subjective jet lag and related symptoms, feelings of stress arousal and objective parameters of 
sleep as a means of investigating whether symptoms were worse post-trip (acuteness) and 
whether they readjusted at different rates from each other during days off, ii) to evaluate 
within-day differences in subjective jet lag and symptoms as a means of investigating 
whether they were cyclical in nature and exhibited different patterns post-trip and iii) to 
explore the contribution of profile and psycho-behavioural variables in predicting subjective 
jet lag (chronicity, first day off).     
 
3.4.1 Between-Day Comparisons for Subjective Jet Lag and its Subcomponents 
(Fatigue, Sleep, Attitudes to Meals, Mood/Cognitive Performance and Bowel Activity), 
Feelings of Stress Arousal and Objective Sleep Across Four Study Days   
 
3.4.1.1 Symptom Severity at T2 (Acuteness) 
The results showed that the global perception of jet lag and fatigue were worse post-trip 
compared to baseline and days off as hypothesised. Similarly, subjective waking alertness, 
the ease of falling asleep, hunger, palatability, concentration, motivation, positive mood states 
(feelings of stress arousal) as well as objective sleep parameters, such as sleep efficiency and 
restlessness, were significantly reduced post-trip (T2). This is in line with previous research 
which showed that air travel across at least three time zones (an average of 6.16 time zones in 
the present study) causes disruption of many circadian rhythms, namely the sleep/wake, 
feed/fasting and alertness/sleepiness, resulting in the manifestation of jet lag symptoms 
(Arendt et al., 2000) and increased stress levels measured objectively (Cho et al., 2000) and 
subjectively (Eriksen, 2006; negative mood states, Waterhouse et al., 2000).  
Perceived jet lag 
unidimensional 
Perceived jet lag 
unidimensional 
Subjective Jet Lag  
(8h, 12h, 16h, 20h & 24h) 
  
 
Fragmentation Index 
 
β = .52*** 
Hunger β =-.53*** 
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Jet Lag and Fatigue. Although in the present study perceived jet lag was measured by a 
significant change at T2 compared to T1, interestingly, the mean score of 6.19 (VAS) for jet 
lag at T2 is consistent with the cut-off score of 5 or above (VAS) used by Arendt and 
colleagues (1986) to indicate the presence of jet lag. Even though jet lag during layover was 
not assessed, it is reasonable to assume that jet lag symptoms are related to the slow 
adjustment of the body clock to the new environment, given that the majority of the sample 
(69.2%) intended to adjust to local time during layover which on average was 4.2 days 
(approximately 48 hours). Despite the negative implications of adapting to local time for 
disruption to daily functions, retaining home base sleep and activity during layover is not 
common amongst cabin crew as this strategy affects the opportunity for socializing, 
undertaking leisure activities and arranging food intake (Lowden & Akerstedt, 1998). The 
results of circadian adaptation as measured by melatonin are reported in Chapter 4. Fatigue 
was also worse at T2 in line with a number of studies which identify the period post-flight as 
the most „tiring‟ due time on task effects (workload onboard), time of day effects (circadian 
disruption) and time awake effects (sleep deprivation) (Roach et al., 2012; Lowden & 
Akerstedt 1998;1999; Cadwell, 2005; Nagda & Koontz, 2003; Haugli et al., 1994).  
 
Sleep. As sleep at T2 occurred onboard (e.g. bunks or seating facilities) at different times of 
the night (GMT), the perception of reduced waking alertness 30 minutes after waking and 
reduced objective sleep efficiency (77.35%) is consistent with the finding in the literature that 
restricted sleep (M = 2.23 h, SD = 1.21 h, decimal time in the current study) and the irregular 
timing of sleep (not favoured by the circadian rhythm) affect the quality of sleep and 
alertness assessed objectively and subjectively (Spencer et al., 1991; Lowden & Akerstedt 
1998; 1999; Belenky et al., 2003; Cohen et al., 2012;  Buysse et al., Roach et al., 2012). The 
perception of sleep quality was also reduced at T2 but this only showed a trend toward 
significance after Bonferroni correction. This is in line with the finding that sleep onboard 
was considered more fragmented (objective measure). This could be explained by factors that 
disturb sleep on board such as ambient noise of the aircraft, random noise, turbulence, the dry 
atmosphere and inadequate bedding (Spencer et al., 1991) as well as sleep taken at the wrong 
circadian phase (Arendt et al., 2000; 2009). However, some conflict between objective and 
subjective data was observed. Crew reported difficulty falling asleep whilst sleep onset 
latency (SOL) was only 6.37 minutes, although the latter did not show a significant change 
compared to baseline. While SOL was below the 31 minutes threshold used to assess the 
severity of sleep disorders in clinical settings (over three or more nights, Morin & Espie 
  
113 
 
2003), it is important to note that SOL in the present study was close to the cut-off time of 
less than five minutes for mean sleep latency in the multiple sleep latency test (MSLT) which 
is considered pathologic and correlates with severe sleepiness (Morin & Espie 2003). The 
shorter SOL could be explained by the increased time awake and accumulated fatigue (work 
hours) before that sleep episode onboard (Appendix 5, sleep start times at T2) increasing the 
need for sleep and reducing the time it takes to fall asleep (Folkard, Akerstedt,  Macdonald,  
& Spencer, 1999). Crew did indeed report going to sleep later than normal at T2 but the 
results only showed a trend towards significance. Further, one reason for the discrepancy 
between the two assessments methods (objective and subjective sleep onset) may be that in 
the early stages of sleep (Stages 1 and 2), individuals still perform cognitively and may 
underestimate actual sleep (Perlis et al., 1997).   
 
Meals. Responses to meals were also worse at T2 when compared to other study days. 
Hunger and enjoyment of meals were significantly reduced except for satiety after a meal. 
This is in line with previous research which showed that attitudes towards meals can be 
altered following air travel as related to jet lag, if only modestly (Waterhouse et al., 2000; 
2004; 2005a). Further, Scheer et al. (2013) found a strong circadian component for subjective 
hunger supporting the notion that disruption of the circadian cycle post-layover would alter 
meal responses. The results are also in agreement with the evidence that a combination of 
circadian disruption and sleep restriction (typical of T2) affect appetite hormones such as 
ghrelin and leptin (Buxton et al., 2012) which have been shown to relate to increased 
subjective hunger (Spiegel et al., 2004a; 2004b; Schmid et al., 2008). However, in the present 
study subjects reported lower hunger compared to „normal‟ and to baseline levels. The 
contrasting evidence could be explained by the impact of increased snacking behaviour on 
meal responses.  Heath et al. (2012) found that eating habits were disrupted following severe 
sleep deprivation resulting in increased snacking behaviour between meals during the 
biological day (Heath et al., 2012) possibly lowering subjective hunger and palatability of 
main meals. Meal attitudes have also been shown to be affected by meal type as well as sleep 
times such that hot meals in the middle and end of the waking period are judged more 
positively. Thus, it may be that the acute disruption of the sleep/wake cycle and the lack 
opportunity to cook a hot meal at T2 contributed to the results observed. However, no 
disruption to bowel activity was observed contrary to the pattern of results shown in 
Waterhouse and colleagues‟ study (2000).     
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Mood and Stress Arousal. Overall, except for irritability, mood/cognitive performance and 
activation (concentration, motivation and arousal) were lowest at T2 and stress was highest at 
T2. This is consistent with previous research that utilised physiological indices of stress (e.g. 
cortisol, Cho et al., 2000) stimulus measures (e.g. stressors, McDonald et al., 2003), self-
report measures and interviews (Ballard et al., 2005; Eriksen, 2006), to show a link between 
jet lag, fatigue and stress. Even though they were not measured in the present study, there are 
many potential stressors onboard which may have contributed to the results. These include 
physical factors (noise, vibration, limited work space and cabin air), psychological factors 
(relationships with colleagues and superiors and passengers) and biological factors (disrupted 
temporal profile of cortisol due to sleep deprivation and circadian disruption). 
 
Overall, the results indicate that symptoms were worse at T2 when compared to baseline and 
days off. This is consistent with previous research which found that readjustment back home 
is gradual and symptoms are worse immediately after a transmeridian flight because of the 
rapid change to zeitgebers.  Subjective jet lag and symptoms, feelings of stress and arousal 
and objective sleep efficiency and restlessness at T2 may also be exacerbated by the home-
bound flight characterised by long duties during the night which restrict sleep, increase 
fatigue and may be the source of many potential stressors.  
  
3.4.1.2 Recovery Rates 
The results found that subjective jet lag recovered on the last day off which on average was 
3.2 days after the return flight. Hunger and motivation were the only symptoms that showed a 
similar course of adjustment to that of jet lag as they also normalized on the last day off. The 
difference in time course of adjustment over days off for jet lag and its symptoms  seem to 
support previous research (Waterhouse et al., 2000) that despite being linked,  jet lag and its 
symptoms have their own circadian cycles. However, contrary to previous research, fatigue 
and sleep variables adjusted more quickly than attitudes to a meal (hunger), mental 
performance (motivation) and the sensation of jet lag itself suggesting that attitudes to a meal 
and mental performance are closely related to the body clock and therefore have a larger 
endogenous component than previously thought. However, it may be that cabin crew are 
better at managing sleep because of their experience with flying and circadian disruption as 
both objectively and subjectively sleep parameters recovered by the first day off. This was 
partially supported by previous research with cabin crew (Lowden & Akerstedt, 1999) which 
found that sleep efficiency objectively measured was normalised relatively quickly after the 
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return flight, by Day 2 of 4, as opposed to some subjective measures such as alertness on 
awakening which normalised on Day 4. On the other hand, the inconsistency in results may 
be explained by the difference in sample used in previous research. That is, as opposed to the 
occasional traveller, cabin crew‟s food intake timing is repeatedly altered. Thus, disturbance 
to meal responses takes longer to readjust as it becomes chronic (e.g. gastrointestinal 
problems, Sharma & Schrivastava, 2004). In addition, unlike sleep, which requires the 
availability of a comfortable bed (e.g. sleep hygiene), eating appetizing food requires 
additional measures such as time and effort (buying and cooking it) which are likely to be 
impacted by fatigue and jet lag itself. It may also be that sleep recovery is achieved at the 
expense of restoring a regular and healthy diet as shown in the literature of shift work 
(Waterhouse et al., 2003). This may further delay the recovery of meal times back home and 
further affect meal satisfaction. Indeed, recurrent eating out of circadian phase has been 
shown to also affect metabolic responses for several days (Buxton et al., 2012) as well 
subjective responses to meals.  Finally, the earlier recovery of most repeated measures 
including stress arousal may be also be explained by the influence of the number of time 
zones crossed in the present study (6.16 decimal time) which was lower than previous studies 
(8:00 h, Lowden & Akerstedt, 1999).  The effects of jet lag can last several days back home 
but this depends on the opportunity for adaptation to local time during layover which is 
influenced by its length and circadian disruption which is dependent on the number of time 
zones crossed and the direction of travel (Aschoff, et al, 1975). Adaptation rates are on 
average one hour per day after transmeridian flight but exposure to light around the nadir of 
BCT (between 4:00 h and 6:00 h) has been shown to cause bigger shifts and therefore 
disruption (Eastman & Burgess, 2009). Thus, destinations with larger time zone changes have 
the potential for longer lasting effects of jet lag and symptoms during days off.  
 
3.4.2. Daily Time Courses for Jet Lag, Fatigue, Attitudes to Meals and Mood/ Cognitive 
Performance Across Four Study Days 
The results showed that jet lag and fatigue had different courses of adjustments during the 
day. In particular, when all times and all study days were considered, subjective jet lag did 
not show a within-day effect but fatigue increased in the evening from 20:00 h to 24:00 h. 
This indicated that the two variables are qualitatively different despite being highly correlated 
as previously shown (Waterhouse et al., 2000). It may be that crew are able to differentiate 
between feeling fatigued and jet lagged through experience of the two symptoms (they may 
feel „out of sorts‟ but not necessarily tired). Further, the evening increase in fatigue is also 
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consistent with the declining phase of the alertness rhythm when subjects are entrained with 
the LD cycle (Rajaratnam & Arendt, 2001) which seems to suggest that the alertness rhythm 
was not disrupted throughout the study. Overall, other symptoms did not show daily changes 
which would seem to suggest that symptoms do not have circadian rhythmicity. An 
alternative explanation is that assessments of subjective responses to meals and mood were 
only made twice or three times a day spanning six hours while true circadian rhythms have a 
24-hour profile. Therefore the difference in results may be due to methodological differences.   
However, when the jet lag and fatigue rhythms were analysed each study day separately, 
some pattern changes were noted for fatigue, hunger, palatability and irritability. At T2, 
fatigue did not show a within-day effect indicating that fatigue was raised throughout the day. 
On the contrary, hunger and palatability were significantly reduced at lunchtime compared to 
normal and when compared to dinnertime, suggesting a disruption of responses to meals at 
inappropriate times. Indeed past research had shown that lunch and dinner are normally 
judged positively (Waterhouse et al., 2004). Irritability was also significantly higher at 20:00 
h compared to 16:00 h at T3 (first day off). This is in the anticipated direction as one would 
expect irritability to increase in the evening but the difference in patterns between study days 
and in particular baseline suggests some disruption to jet lag symptoms post-trip.  
 
3.4.3 Predicting Subjective Jet Lag at Time 3 (First Day Off) 
The results showed that among the profile (demographics, trip factors and diurnal preference) 
and psychological variables identified in the literature as established and potential risk factors 
for jet lag, only age, having children and feeling stressed at baseline and on the day crew 
returned home, were related to the perception of subjective jet lag on crew‟s first day off 
(T3). This is contrary to expectation of a link between stress, coping and outcome and 
chronotype and jet lag found in the literature (Carver & Connor-Smith, 2010). When 
predictors of subjective jet lag were examined, having children explained increased feelings 
of jet lag at 8:00 h which could be explained by child related disrupted sleep. However, lower 
than normal hunger before meals and fragmented sleep (objectively measured) at baseline 
and on the day crew returned home consistently predicted subjective jet lag (in the daytime, 
evening and composite scores) indicating that psycho-bevavioural variables are important 
mediators of jet lag. This is in line with previous research that showed that disturbed sleep 
(e.g. subjective sleepiness, Lowden & Akerstedt, 1998 and five subjective sleep variables, 
Waterhouse et al., 2000) and in particular fragmented sleep, as opposed to split sleep, is a 
strong predictor of subjective jet lag and objective alertness (PVT scores, Bonnet & Arand, 
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2003). However, there is contrasting evidence in the literature regarding the role of diet for 
jet lag. This may be methodological (nature of subjects and measures used: animal versus 
humans and bio versus subjective measures). Scheer et al. (2013) found a strong circadian 
component for subjective hunger suggesting that disruption to meal responses may affect the 
circadian rhythm. Animal data also indicate a strong role of eating out of circadian phase for 
affecting peripheral clocks. While the SCN normally (under entrained conditions) regulates 
different cycles by light, altered feeding times (opposed to circadian phase) cause the 
peripheral clocks and the SCN to be out of synch through contrasting signals. That is, light 
signals it is time to rest (for rodents) while restricted food during the day signals the body is 
time to be active. Increasingly, animal research using „human‟ protocols has shown the 
effects of eating out of phase for shifting the circadian system (Kuroda et al., 2012).  If we 
extend this to humans in the present study, subjective jet lag may be seen as a consequence of 
internal desynchrony represented by an uncoupling of peripheral oscillators altered by 
feeding times and the SCN shifted by light. Shoeller and colleagues (1997) found that altered 
meals times delayed the profile of leptin, a hormone that regulates appetite. A combination of 
chronic circadian disruption and sleep restriction also disrupted metabolic responses such that 
glucose concentrations after a displaced meal were at a level considered pre-diabetic (Buxton 
et al., 2012). These findings seem to suggest a strong role for disruption to temporal food 
intake for outcome.  On the other hand, the present results contrast with the findings of 
Waterhouse and colleagues (2000; 2004; 2005a) who used subjective measures (attitudes to 
meals) as in the present study and found a weak relationship between diet and jet lag. This 
inconsistency may be explained by the different role that food intake plays in cabin crew who 
are exposed to chronic levels of altered temporal food intake with long term implications for 
attitudes to meals and the experience of jet lag.  
 
3.4.4 Limitations 
Several methodological limitations were noted. First, reduced power due to the small sample 
size may explain why some results were only close to significance for subjective sleep 
parameters (e.g. sleep and wake time) or resulted in loss of significance after Bonferroni 
correction. Because of the demands of the job, only 26 participants filled in the sleep 
questions of the jet lag questionnaire whilst onboard as opposed to 35 sets of data collected 
by the actigraphs which highlights the benefits of using more practical tools in the field. A 
related problem is that only a limited number of variables could be entered in the regression 
due to the small sample size, therefore stress was left out of the equation. The lack of 
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variation in scores during the course of the day and the lack of association between 
psychological variables such as coping and jet lag may also be attributed to this problem. 
Secondly, multiple assessments per day make assessments more reliable but more onerous for 
participants resulting in missing data and further reduction to the power to detect differences. 
Third, the jet lag questionnaire asks participants to rate jet lag compared to normal. However, 
normality is difficult to judge in cabin crew who may be exposed to chronic jet lag. As result, 
it is difficult to interpret normality in this study. The advantage of using a longitudinal design 
allows for comparisons to normality to be eliminated in future studies. 
 
3.4.5 Conclusion and Further Research 
To conclude, the results from the present study indicate that subjective jet lag and its 
symptoms were worse immediately after a home-bound flight possibly due to the unadjusted 
body clock and trip factors (acuteness). Symptoms also recovered at different rates from each 
other during days off reflecting the different contributions of the biological clock on 
readjustment rates. The finding that altered responses to meals (hunger) and subjective jet lag 
adjusted at the same rate, were altered relative to time of day at T2 (hunger and palatability 
were reduced at 12:00 h compared to 20:00 h) and reduced appetite consistently predicted 
subjective jet lag on crew‟s first day off  reveal an important role for diet and jet lag. 
Objective restlessness (Fragmentation Index) was also a strong predictor of jet lag overall. 
However, the acuteness of such a parameter is compounded by sleep onboard which occurred 
in the bunks or seated and it is likely to be disrupted by several other factors that are arguably 
outside of the control of crew (e.g. turbulence, cabin air, the availability of bunks and length 
of rest). Thus, as diet may be more controllable, it offers the possibility of being changed to 
reduce subjective jet lag in future research especially in light of much research in animals and 
humans suggesting a strong role for diet and outcome. However, circadian phase was not 
taken into account in the present study. An evaluation of circadian disruption is important in 
order to explore the relationship between subjective jet lag and circadian disruption and what 
mediates it in order to provide a complete picture of predictors of jet lag in crew. This will be 
explored in the next chapter.  
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CHAPTER 4: PSYCHO-BEHAVIOURAL PREDICTORS OF CIRCADIAN 
DISRUPTION. THE RELATIONSHIP BETWEEN SUBJECTIVE AND OBJECTIVE 
MARKERS OF JET LAG AND WHAT MEDIATES IT: A PROSPECTIVE STUDY. 
 
4.1 Introduction 
Jet lag has been studied in different settings and using different measures. Subjective 
measures of jet lag include the Liverpool Jet lag questionnaire used in Chapter 3 and they are 
often used in the field for practicality. On the other hand, physiological measures of jet lag 
involve measuring „marker‟ rhythms such as melatonin and BCT. These are often used in 
laboratory studies of simulated jet lag where different conditions are manipulated (e.g. light 
exposure) to measure their phase shifting effects (e.g. light PRC). Biomarkers have also been 
used in field studies with cabin and flight crew (e.g. Suvanto et al., 1993;  Roach  et al., 2002; 
Arendt et al., 1987) to provide a more objective account of circadian disruption. Melatonin is 
recognized as the best available marker of circadian phase in the field as unlike BCT is not 
influenced by masking effects such as sleep times, exercise, and temperature (Arendt, 2009). 
Shifts in the timing of melatonin are considered to represent changes in timing of the central 
clock which is influenced primarily by light. Arendt (2009) argues that measurement of a 
major metabolite of melatonin excreted in urine (aMT6s) allows for non-invasive study of 
pineal function useful in the field. Unlike saliva sampling which requires frequent sampling, 
overnight aMT6s levels can be calculated from the first morning void. As a result, sleep is not 
disrupted, an advantage in the crew sample. The phase of the rhythm is typically estimated 
from the timing of the acrophase (time of fitted peak) of a cosine fitted curve (Arendt, 2009). 
In addition, urine melatonin is more stable than saliva melatonin. For example, there is no 
requirement to keep participants under dim light during urine collection, thus allowing the 
continuous monitoring of circadian melatonin rhythms in natural field conditions. However, 
lower amplitude of aMT6s has been observed if samples are collected under natural lighting, 
thus it is recommended that natural light is avoided during collection. However, this is more 
critical if urine collection is carried out in the new time zone where „overnight‟ collection 
may be done during the day.  
 
Adaption of biomarkers (e.g. BCT and melatonin acrophase) of the central oscillator to the 
new LD cycle is slow and traditional adaptation rates range between 57 minutes per day for 
adaption to the east and 92 minutes to the west (directional asymmetry, Aschoff et al., 1975). 
This has been replicated in the field using aircrew. Suvanto and colleagues (1993) assessed 
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circadian adaptation and resynchronisation as measured by melatonin acrophase shift in 36 
female cabin crew following a flight to the west (Helsinki – Los Angeles) and the return 
flight to the east (34 participants, Los Angeles – Helsinki) with a layover of three days. 
Assessments were made on the second day after both flights. Overall, they found an 
acrophase shift of less than three hours in 94% of participants which indicated partial 
adaptation during layover and a further shift of the melatonin rhythm to readjust to local time. 
This rate of adaption would seem to be proportionate to the length of layover.  Physical 
exercise during summertime in older unmarried crew predicted fast adaptation to the west 
whereas the best predictors of fast adaptation to the east (back home) were summertime, 
stability (neuroticism scale) and extraversion. This highlights the importance of light 
exposure and individual differences for adaptation and readjustment to jet lag. That is, the 
ability of light to delay rhythms during layovers to the west, for example, depends on the 
intensity and length of daylight on arrival which is longer in the summer as well as individual 
characteristics. Further, Grajewski et al. (2003) assessed melatonin rates in cabin crew and 
teachers over a month and found that cabin crew experienced increased circadian disruption, 
as measured by higher melatonin variability, than teachers.  Several studies in the area of 
shift work have also found that light exposure indoors (Papantoniou et al., 2014) and delayed 
wake up times can delay the circadian rhythm (Roach et al., 2002). These influences are also 
common in aviation (e.g. night flight, restricted sleep, Chapter 2.8.4). Thus, factors other than 
abrupt shifts of the L/D cycle in the new time zone can affect the circadian rhythm. Indeed, 
Lowden and Akerstedt (1999) found that some symptoms, such as reduced waking alertness 
after crew‟s return from Tokyo, were more consistent with a phase delay, possibly explained 
by trip factors (long duties and night flights). In a further study, Suvanto and colleagues 
(1993a), measured oral body temperature as a marker of circadian disruption during layover 
(Helsinki – Los Angeles) and after the return home (second day off and fourth day off). They 
found that the rhythm of temperature desynchronised during layover (BCT measured on the 
second and fourth day in the USA). However, on the fourth day after the return flight the 
BCT rhythm showed a phase delay of 2 hours and 2 minutes demonstrating the extent of 
circadian disruption following a flight to the west over 10 time zones. Suvanto et al. (1993a) 
concluded that the process of readjustment is likely to be longer than nine days after round 
flights over 10 time zones. However, BCT is not a stable marker in the field, thus 
readjustment may have been faster or slower if melatonin had been used.  Roach et al. (2002) 
also used DLMO to assess circadian adaption to the east (across 3.5 time zones) and west (3.5 
time zones) during a 12-day trip of FAAR aircrew and found that contrary to findings in the 
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literature, adaption to the east was faster (3.8 decimal time, on Night 6) than adaption to the 
west (0.4 decimal time, on Night 12). However, the authors argued that participants may not 
have carried out saliva collection in dim light conditions thus affecting the results.       
 
The implication of research on adaption or readjustment of phase markers is that while the 
master clock is in the process of adjustment, which can take several days depending on the 
number of time zones crossed and individual factors, jet lag symptoms are experienced. 
Therefore, whilst circadian disruption and subjective jet lag are treated separately in research, 
perhaps because of practicality, there is a tendency to assume that subjective jet lag reflects 
the unadjusted body clock or that the unadjusted body clock inevitably leads to jet lag 
symptoms (depending on individual differences such as diurnal preference) as objective and 
subjective measures of jet lag are seldom used in the same study. Arguing from a Health 
Psychology perspective, there is no direct correspondence between what goes on in the body 
and symptom perception. That is, a headache may not underpin something wrong in our head 
that worsens as the pain increases (Ogden, 2012). Similarly, research has found no direct 
relationship between a stressor, reported anxiety and objective ratings of stress (reflux, 
Wright et al., 2005).  One could argue that this inconsistency may be due to the difference in 
measures used (e.g. objective versus subjective). This is partly true, as there are many 
variables that can influence subjective symptoms such as gender, cognition and mood 
(Chapter 2.12). However, according to Health Psychology these individual variations are 
most important as they can influence the cause and the treatment of illness (Norman, 2005; 
Ogden, 2012). Going one step further, Health Psychology has attempted to challenge the 
mind-body dichotomy. However, often because of the need to operationalise variables and 
conditions, the tendency is to further separate the two dimensions (Ogden, 2012).  
 
Thus, the aim in the current study was to provide a holistic account of jet lag by using bio and 
subjective measures (Chapter 3 data) to assess whether there is a relationship between 
circadian disruption and subjective jet lag and to explain what mediates this relationship or 
discordance (mind-body). To date, this has not been done. In particular, the aim was to test 
whether altered responses to meals and objective restlessness (predictors of subjective jet lag 
in Chapter 3) could explain the relationship or discordance between subjective and objective 
jet lag given the growing link between diet and circadian disruption found in animal and 
human research (Chapter 2.10).  As for subjective jet lag in Chapter 3, the current study also 
aimed to i) describe circadian disruption  as measured by a shift in melatonin acrophase on 
  
122 
 
crew‟s first day off relative to baseline, and ii) explore the role of profile (demographics and 
trip factors) variables and psycho-behavioural variables in predicting objective jet lag 
(circadian disruption).   
 
4.1.2 Hypotheses 
It was hypothesised that:  
i) There would be a significant shift in melatonin acrophase on crew‟s first days off 
(T3) relative to baseline (T1); 
ii) Profile and psycho-behavioural variables would predict objective jet lag (T3);  
iii) Circadian phase would not predict subjective jet lag measured at the same time (T1, 
T3 and T3-T1); 
iv) Lower than normal appetite and objective restlessness found to be predictors of 
subjective jet lag in Chapter 3 would predict the relationship or discordance between 
subjective and objective jet lag.  
 
4.2 Methods 
 
4.2.1 Design 
The present study is an extension of the study presented in the last chapter (see Figure 4.1). 
The focus here is on exploring the relationship between subjective and objective jet lag and 
assessing the role of profile and psycho-behavioural variables (see Chapter 3.2.3) in 
predicting the extent of this relationship.   
 
 
  
Figure 4.1. Study protocol. 
Day before 
Flight (T1)
• ME Q.
• Cope Q.
• SACL Q.
• Jet-lag  Q.
• Melatonin  24 h
Day Land (T2)
• SACL Q
• Jet-lag Q.
First Day Off 
(T3)
• SACL Q
• Jet-lag Q.
• Melatonin   24 h
Last Day Off 
(T4)
• SACL  Q
• Jet-lag Q
 
         Actigraphy 
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4.2.2 Measures 
In addition to the profile and psycho-behavioural variables and outcome measure of 
subjective jet lag (see Chapter 3.2.3), objective jet lag was evaluated. A shift in melatonin 
acrophase (peak time of melatonin) was used as a marker of a change in circadian phase 
following the notion that transmeridian travel can cause rapid large changes in phase (e.g. 
acrophase timing).  
 
Circadian Rhythm Analysis 
Melatonin was assayed from urine samples (6-sulfatoxymelatonin, aMT6s) collected over a 
24-hr period on specific days: 
- Day before the flight (baseline) – T1 
- First day off – T3 
 
Melatonin profiles are characterized by high intra-individual stability, whilst large inter-
individual differences can be observed. 80% to 90% of melatonin is excreted by the kidneys 
as aMT6s after metabolism and degradation in the liver. Urine concentrations of aMT6s are 
good correlates of plasma levels collected at the same time. Urinary 6-sulfatoxymelatonin 
(aMT6s) concentrations were measured at the Chronobiology Group, University of Surrey, 
UK, using a radioimmunoassay (Stockgrand, Ltd., Guildford, Surrey, UK). Acrophase times 
for aMT6s (ng/h) were determined by cosinor analysis (Nelson, Tong, Lee & Halberg, 1979) 
carried out at the Chronobiology Group, University of Surrey, UK. This method aims to fit a 
curve of “best fit” to a series of data points but it can take into account a certain percentage of 
missing or irregular data points.  Cosinor analysis assumes the rhythm is sinusoidal in shape 
and uses the least square methods to fit the best-fitting cosine curve to the data (Nelson et al., 
1979; Minors & Waterhouse, 1989).  The analysis method makes two estimates of “goodness 
of fit” which are used to determine the validity of the cosinor-derived acrophase time.  The 
first is the percentage variability in the data accounted for by the cosine curve and is given as 
a percent rhythm (see Section 4.3.2).  The larger the percentage the better the fit therefore a 
100% rhythm would mean that all data points fall on the curve.  The analysis also evaluates 
the likelihood of the data points fitting a straight line as opposed to a cosine curve or the 
extent to which the data could fit the cosine curve by chance.  A “significant fit” to the cosine 
curve is represented by  5% probability that the data would fit a straight line e.g. p < .05. 
This figure is derived by a comparison of variances - the variance of the fitted data about the 
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cosine curve and the variance of the cosine curve about its mesor. Cosinor-derived acrophase 
times were included in further analysis if the data showed a significant fit or a trend toward it 
(see Table 4.1). Of 36 participants, 28 participants satisfied the above criteria and were 
included in further analysis.  
 
4.2.3 Procedure 
The detailed procedure for urine collection is contained in the data pack (see Appendix 3, pp. 
7-8). In short (Figure 4.2), participants were asked to empty their bladder the night before the 
study days (T1 and T3) and make a note of the time followed by urine collection for 24 hours 
making sure they included an overnight collection. They had to measure the volume and 
record the exact time of sampling. After retaining 2 - 3 ml samples in small tubes, participants 
were asked to store the samples in a fridge or freezer. Participants were asked to avoid natural 
light during collection.  
 
 
Figure 4.2. Subjective and objective jet lag (urinary aMT6) measurement points. 
4.3 Results 
4.3.1 Statistical Analysis 
SPSS 18 was used to conduct data analysis. The data was checked for normality in order to 
apply parametric tests. Any analysis relating to aMT6s acrophase was conducted by using 
decimal hours for precision achieved by dividing minutes by 60 (e.g. 10:48 h = 10.8 h). 
The data were analysed to: 
i) Screen the data for normality; 
ii) Describe the results of aMT6 acrophase times at T1 (baseline) and T3 (first day off) 
derived from cosinor analysis and the rationale for inclusion criteria; 
iii) Describe the profile characteristics at baseline of participants whose aMT6 acrophase 
times were selected for further analysis; 
08:00 h 12:00 h 16:00 h 20:00 h 00:00 h
Bladder void 08:00 h 00:00 h
night before
Subjective jet lag
Spontaneous urine collection
Objective jet lag
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iv) Use graphical representations as a means to describe aMT6 acrophase times in 
relation to sleep  and wake patterns pre- (T1) and post-transmeridian flights (T3); 
v) Create aMT6 acrophase time change scores (= T3 - T1) to describe objective jet lag 
as measured by the shift and size of melatonin acrophase times. Change scores with a 
resulting negative sign indicated an advance of the circadian phase (e.g. 05.9 - 10.8 =   
- 4.9) whereas a positive sign indicated a delay of the circadian phase (e.g. 4 - 0.6 = 
3.4). An absolute measure (negative sign removed) represented the size of the phase 
shift as measured by the difference between acrophase time at T3 and T1 rather than 
a delay/advance of the circadian phase; 
vi) Analyse the phase shift in the times of urinary aMT6s (direction and size of the shift) 
as a means to assess whether the change in objective jet lag post-flight was 
significant. Paired sample t tests were used to compare two mean scores (e.g. aMT6s 
acrophase times at T1 and T3) if data was normally distributed and the Wilcoxon test 
if data was not normally distributed; 
vii) Evaluate the role of profile and psycho-behavioural variables at T1 and T2 (see 
section 3.3.1 for rationale) in predicting objective jet lag at T3 (first day off) taking 
into account T1 (baseline) by using hierarchical multiple regression analysis 
preceded by screening correlations. To control for its effects, objective jet lag at T1 
was entered at step one followed by the significant profile and psycho-behavioural 
variables at T1 and T2 (screening correlations); 
viii) Assess significant changes in subjective jet lag by using paired sample t tests to 
compare two mean scores (T1 and T3) if data was normally distributed and the 
Wilcoxon test was used if data was not normally distributed; 
ix) Assess the relationship between subjective and circadian phase by evaluating the 
ability of circadian phase at T1, and T3 separately to predict the perception of 
subjective jet lag at T1 and T3 by using linear regression analyses; 
x) Assess the role of objective jet lag change scores (T3 - T1) as measured by the 
direction and the size of the shift in predicting the perception of subjective jet lag 
change scores (T3 - T1) by using linear regression analyses;  
xi) Save values for unstandardised residuals during the linear regressions analyses with 
subjective jet lag changed scores as the „dependent variable‟ and objective jet lag 
changed scores (for both the direction and the size of the shift in aMT6s) as 
„independent variable‟. Residuals represent the extent to which change in subjective 
jet lag cannot be predicted from their objective jet lag change scores (gap between 
  
126 
 
observed and predicted jet lag values). A positive residual equates to greater than 
predicted subjective jet lag change scores given the value of their objective jet lag 
change scores. A negative residual represents lower than expected subjective jet lag 
change scores given the values of their objective jet lag change scores (aMT6s 
acrophase time); 
xii) Describe the residuals; 
xiii) Assess the ability of attitudes to meals (e.g. hunger) at T1 and T2 in predicting the 
residuals (gap between observed and predicted subjective jet lag change scores given 
objective jet lag change scores as measured by the direction and shift in melatonin 
acrophase) using multiple regression analysis. The rationale for this is that a decrease 
in hunger was a predictor of subjective jet lag at T3 (see Chapter 3.3.7). 
 
4.3.2 Data Screening 
All data were examined for normality. A value of +/- 3.29 for standardised skewness and 
kurtosis was used to assess for normality (Tabachnick & Fidell, 2007).  
 
4.3.3 Results of aMT6s (Urinary Melatonin) Cosinor analysis 
Table 4.1 shows the aMT6s acrophase times for T1 (baseline) and T3 (first day off). Of 35 
participants, only 30 sets of results were derived from cosinor analysis because of insufficient 
data to assay degradation of the melatonin. At T1, participants had collected an average of 
sven urine samples (SD = 2.00) during a period of 24 hours. Similarly, at T3 they had 
collected an average of 6.53 samples (SD = 2.00). However, there were insufficient samples 
for Participant 2 (T1) Participants 19 and 21 (T1 and T3) and Participant 22 (T3). Participant 
8 did not record the urine passed but only recorded the volume of the samples kept. The 
major limitation of cosinor rhythm analysis is that it assumes the rhythm fits a cosine curve, 
although some circadian functions do not.  External conditions such as transmeridian air 
travel may also change the inherent shape of the rhythm (e.g. rapid large changes in phase are 
forced on the individual). To allow for this occurrence, acrophase times were included if the 
cosinor fit was significant at the 95% level or if the fit was significant at > 80% level and the 
variance (percentage rhythm) accounted for by the cosine curve was greater than 50% 
(Thorne et al., 2008).  This resulted in a sample size of 28 participants (93.3% response rate). 
The aMT6s acrophase times for Participant 7 did not show a significant fit to the cosine curve 
at T3 (p = .70) and the aMT6s acrophase times for Participant 12 did not show a significant 
fit to the cosine curve at T1 (p = .37).  
  
127 
 
Table 4.1  
Cosinor-Derived Urinary aMT6s Decimal Acrophase Times for T1 and T3, N = 30  
PP 
ID 
Starts 
Stops
a 
ACROPHASE 
T1
b P 
% 
RHYTHM
c 
Starts  
Stops
a 
ACROPHASE 
T3
b P 
% 
RHYTHM
c 
 
 
   
 
   
1 1-6 10.85 .17 83.2 t 1-5 6.52 .06 94.0 t 
3 1-6 0.66 .06 94.1 t 1-5 3.77 .02 98.0* 
4 1-10 3.17 .001 98.2*** 1-9 7.56 .001 99.3*** 
5 1-10 8.11 .02 73.7* 1-8 7.94 .10 68.2t 
6 1-7 2.33 .01 94.1* 1-7 3.63 .001 98.6** 
7 1-5 11.81 .16 83.8 1-5 21.96 .70 30.2 
9 1-6 6.02 .03 96.9* 1-7 9.03 .20 65.5t 
10 1-10 5.28 .001 92.4*** 1-10 6.07 .001 85.2** 
11 1-8 4.38 .17 58.2t 1-5 2.6 .01 100.0** 
12 1-9 5.99 .37 32.9 1-11 6.85 .001 91.5*** 
13 1-6 5.3 .02 97.7* 1-5 7 .02 97.9* 
14 1-8 3.79 .001 93.8** 1-7 5.85 .13 64.5t 
15 1-10 3.17 .001 95.8*** 1-8 5.44 .01 85.9** 
16 1-6 2.98 .001 99.8** 1-7 1.75 .001 99.5*** 
18 1-6 3.64 .02 97.9* 1-6 1.96 .001 97.2** 
20 1-8 3.26 .02 84.8* 1-7 5.59 .15 71.6t 
23 1-12 3.65 .001 95.1*** 1-12 1.86 .001 92.1*** 
24 1-11 4.92 .10 48.1t 1-10 9.54 .02 74.7* 
25 1-7 2.87 .001 98.1** 1-10 1.38 .001 94.8*** 
26 1-7 4.7 .001 98.8** 1-6 3.09 .001 99.7** 
27 1-7 5.44 .01 96.7** 1-5 3.4 .08 99.3t 
28 1-7 4.18 .02 92.7* 1-7 6.21 .01 95.0* 
29 1-10 4.9 .001 89.2** 1-11 3.67 .001 83.6** 
30 1-7 5.52 .03 91.3* 1-7 8.79 .04 95.5* 
31 1-6 3.66 .07 93.0t 1-6 5.4 .03 97.31* 
32 1-9 22.65 .11 58.4t 1-7 0.6 .14 72.4t 
33 1-13 4.04 .001 87.1*** 1-9 5.19 .001 96.4*** 
34 1-6 6.6 .05 95.4* 1-8 9.46 .18 56.5t 
35 1-9 4.71 .001 92.5** 1-8 5.64 .001 97.9*** 
36 1-7 1.95 .07 83.8t 1-8 3.98 .001 97.5*** 
 
 
   
 
   
a
Point section analysis starts and ends.
b
This is the acrophase (peak) time fitted to the cosine curve expressed as 
decimal hours i.e. 4.7 = 04:42 h. 
c% Rhythm is the percentage variability in the data accounted for by the cosine 
curve. *p< .05. **p< .01; *** p<.001.  Significance of fit to cosine curve, i.e. p value < .05 =  there is less than 
5% probability data would fit a straight line or fits the cosine curve by chance. 
 
The descriptive statistics for demographics, trip characteristics and the trip timetable are 
reported in Tables 4.2, 4.3 and 4.4. The average time change for the scheduled trip was -0.54 
(decimal time) associated with westward travel (5.81, decimal time, absolute measure) and 
the majority reported intending not to stay on UK time during their trip which was on average 
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4.18 days.  Including their baseline day, the average number of days off before the trip was 
4.32.  
 
Table 4.2 
Descriptive Statistics for Demographics (N = 28) 
      
 
n % M SD Range 
      Age 
  
40.61 6.6 27-53 
Gender 
     
  Male 7 25 
   
  Female 21 75 
   
Nationality 
     
  British 20 71.4 
   
  European 8 28.6 
   
Marital status 
     
  Single 17 60.7 
   
  Married 9 32.1 
   
  Divorced 2 7.1 
   
Children 
     
  0 22 78.6 
   
  1 1 3.6 
   
  2 3 10.7 
   
  3 1 3.6 
   
  4 1 3.6 
   
Length of Service 
  
12.98 5.66 3 - 25 
Type of contract 
     
  „‟‟‟‟‟ 2 7.1 
   
  „‟‟‟‟‟ 8 28.6 
   
  Full time 18 64.3 
   
Onboard role 
     
  Main crew 17 60.7 
   
  Supervisory grade 11 39.3 
   
       
Table 4.3 
Trip Characteristics  
            
 
n % M SD Range 
           
Time change (direction) 
  
0.54 h 6.42 (-8 - +10) 
Time change (size) 
  
5.81 h 2.52 1-10 
Direction of travel 
       East  - Time change          4 14.3 1.50 h 0.58 (+1 - +2) 
  East  - Time change            13 46.4 6.50 h 2.2 (+3 - +10) 
  West - Time change                        11 39.3 -6.83 h 1.47 (-5  -  -8) 
Stay on UK time 
       Yes 7 25 
     No 21 75 
   Missing data 1 2.9 
   Commuter 
       Yes 4 14.3 
     No 24 85.7 
   
      Note. Times are shown as decimal hour. 
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On average, the flight to destination occurred during the day whereas the return fight 
occurred during the night. Finally, crew had on average 3.11 days off after their trip and the 
majority (53.6%) carried out the study in the winter.  
 
Table 4.4 
Trip Timetable 
       
 
n % M SD Range 
       Days off before trip 
  
4.32 3.10 2 - 14 
  2 4 14.3 
   
  3-4 18 64.3 
   
  5-7 3 10.7 
   
  8-14 3 10.7 
   
Trip length 
  
4.18 1.26 3 - 9 
  3 11 39.3 
   
  4 7 25.0 
   
  5 7 25.0 
   
  6 2 7.1 
   
  9 1 3.6 
   
Season 
      
  Winter in UK 15 53.6 
    
  Summer in UK 13 46.4 
    
  Winter at destination 16 57.1 
    
  Summer at destination 12 42.9 
    
Trip report time 
  
14.03 3.44 8.17 - 20.75 
Outbound departure time 
  
15.58 3.39 10.17 - 22.17 
Outbound arrival time  
  
24.88 4.16 18.33 - 33.33 
Inbound departure time  
  
11.51 1.85 7.00 - 13.83 
Inbound departure time  
  
24.57 4.54 15.25 - 31.50 
Inbound arrival time  
  
10.57 4.15 4.08 - 17.25 
Inbound duty time 
  
11.82 2.19 7.17 - 15.17 
Days off after trip 
  
3.11 0.58 2 - 4 
      
Note. Times are shown as decimal hour. Trip schedules are planned.  
 
4.3.4 Graphical Representations of aMT6s in Relation to Sleep and Wake Patterns   
Figures 4.3 to 4.31 show round trip flights from the UK to one of the relevant destinations. 
The rectangles represent the outbound and inbound flights. The time at the top of the picture 
shows the time in London (GMT or BST) and the time at the bottom of the picture shows the 
equivalent time in one of the relevant destinations. The yellow bars represent the duration of 
the photoperiod (sun rise and sun set, www.sunrisesunset.com). Bed times and get up times 
were taken from actigraphy and sleep log (for mini actiwatches) and are represented by two 
arrows joined by a green line. Sleep log data and some actigraphy data outside of the study 
days are missing as participants were told to pay particular attention in wearing the actiwatch 
and noting their bed/get up times on study days (T1, T2, T3, T4).  The blue triangles 
represent the acrophase times at baseline (T1) and on crew‟s first day off (T3) highlighted in 
bold. Figures 4.3 to 4.31 show that for the majority of the participants, the acrophase time of 
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melatonin (circadian phase marker) occurred during sleep. At baseline the peak of melatonin 
occurred after get up time for participant 1. For Participant 16, melatonin acrophase occurred 
outside of the sleep schedule and for Participant 32 the acrophase of melatonin occurred at 
bed time. On the first day off, the melatonin acrophase occurred outside of the sleep schedule 
in Participants 4, 27 (before the sleep episode) and Participant 10 (after the sleep episode).  
For Participant 9, melatonin acrophase happened at the end of the sleep period. 
 
Figure 4.3 . Round trip flight across 2  time zones (Participant 1). 
 
Figure 4.4 . Round trip flight across 9 time zones (Participant 3). 
 
 
Figure 4.5 . Round trip flight across 8 time zones (Participant 4). 
 
 
Figure 4.6. Round trip flight across 8  time zones (Participant 5). 
 
PP1 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
15-Jun Thu Fri 16-Jun
16-Jun Fri Sat 17-Jun
17-Jun Sat Sun 18-Jun
18-Jun Sun Mon 19-Jun
19-Jun Mon Tue 20-Jun
20-Jun Tue Wed 21-Jun
Nairobi 19 20 21 22 23 24 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5 6 7
PP3 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
25-May Thu Fri 26-May
26-May Fri Sat 27-May
27-May Sat Sun 28-May
28-May Sun Mon 29-May
29-May Mon Tue 30-May
30-May Tue Wed 31-May
31-May Wed Thu 01-Jun
01-Jun Thu Fri 02-Jun
02-Jun Fri Sat 03-Jun
Narita 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2
2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5 6 7 8 9 10 11 M 1 2
am pm am
PP4 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
27-May Sat Sun 28-May
28-May Sun Mon 29-May
29-May Mon Tue 30-May
30-May Tue Wed 31-May
31-May Wed Thu 01-Jun
01-Jun Thu Fri 02-Jun
02-Jun Fri Sat 03-Jun
03-Jun Sat Sun 04-Jun
04-Jun Sun Mon 05-Jun
Phoenix 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2 3 4 5 6 7 8 9
9 10 11 N 1 2 3 4 5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9
am pm am
PP5 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
07-Jun Wed Thu 08-Jun
08-Jun Thu Fri 09-Jun
09-Jun Fri Sat 10-Jun
10-Jun Sat Sun 11-Jun
11-Jun Sun Mon 12-Jun
12-Jun Mon Tue 13-Jun
13-Jun Tue Wed 14-Jun
14-Jun Wed Thu 15-Jun
Phoenix 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2 3 4 5 6 7 8 9
9 10 11 N 1 2 3 4 5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9
am pm am
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Figure 4.7 . Round trip flight across 3 time zones (Participant 6). 
 
 
Figure 4.8 . Round trip flight across 8 time zones (Participant 9). 
 
 
Figure 4.9 . Round trip flight across  time zones (Participant 10). 
 
 
Figure 4.10. Round trip flight across 7 time zones (Participant 11). 
 
 
Figure 4.11 . Round trip flight from across 8 time zones (Participant 12). 
 
PP6 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
07-Jun Wed Thu 08-Jun
08-Jun Thu Fri 09-Jun
09-Jun Fri Sat 10-Jun
10-Jun Sat Sun 11-Jun
11-Jun Sun Mon 12-Jun
12-Jun Mon Tue 13-Jun
Doha 20 21 22 23 24 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5 6 7 8
PP9 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
19-Jun Fri Sat 20-Jun
20-Jun Sat Sun 21-Jun
21-Jun Sun Mon 22-Jun
22-Jun Mon Tue 23-Jun
23-Jun Tue Wed 24-Jun
24-Jun Wed Thu 25-Jun
25-Jun Thu Fri 26-Jun
26-Jun Fri Sat 27-Jun
LA 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2 3 4 5 6 7 8 9
9 10 11 N 1 2 3 4 5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9
am pm am
PP10 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
22-Jun Thu Fri 23-Jun
23-Jun Fri Sat 24-Jun
24-Jun Sat Sun 25-Jun
25-Jun Sun Mon 26-Jun
26-Jun Mon delay Tue 27-Jun
27-Jun Tue Wed 28-Jun
28-Jun Wed Thu 29-Jun
29-Jun Thu Fri 30-Jun
LA 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2 3 4 5 6 7 8 9
9 10 11 N 1 2 3 4 5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9
am pm am
PP11 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
08-Oct Mon Tue 09-Oct
09-Oct Tue Wed 10-Oct
10-Oct Wed Thu 11-Oct
11-Oct Thu Fri 12-Oct
12-Oct Fri Sat 13-Oct
13-Oct Sat Sun 14-Oct
14-Oct Sun Mon 15-Oct
Beijing 24 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5 6 7 8 9 10 11 12
am pm am
PP12 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
18-Oct Thu Fri 19-Oct
19-Oct Fri Sat 20-Oct
20-Oct Sat Sun 21-Oct
21-Oct Sun Mon 22-Oct
22-Oct Mon Tue 23-Oct
23-Oct Tue Wed 24-Oct
24-Oct Wed Thu 25-Oct
25-Oct Thu Fri 26-Oct
San 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2 3 4 5 6 7 8 9
Francisco 9 10 11 N 1 2 3 4 5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9
am pm am
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Figure 4.12 . Round trip flight across 7 time zones (Participant 13). 
 
 
Figure 4.13 . Round trip flight across 7 time zones (Participant 14). 
 
 
Figure 4.14 . Round trip flight across 6  time zones (Participant 15). 
 
 
Figure 4.15. Round trip flight across 1 time zone (Participant 16). 
PP13 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
01-Sep Mon Tue 02-Sep
02-Sep Tue Wed 03-Sep
03-Sep Wed Thu 04-Sep
04-Sep Thu Fri 05-Sep
05-Sep Fri Sat 06-Sep
06-Sep Sat Sun 07-Sep
07-Sep Sun Mon 08-Sep
08-Sep Mon Tue 09-Sep
09-Sep Tue Wed 10-Sep
Beijing 24 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5 6 7 8 9 10 11 12
am pm am
PP14 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
12-Nov Mon Tue 13-Nov
13-Nov Tue Wed 14-Nov
14-Nov Wed Thu 15-Nov
15-Nov Thu Fri 16-Nov
16-Nov Fri Sat 17-Nov
17-Nov Sat Sun 18-Nov
18-Nov Sun Mon 19-Nov
Beijing 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5 6 7 8 9 10
am pm am
PP15 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
05-Oct Fri Sat 06-Oct
06-Oct Sat Sun 07-Oct
07-Oct Sun Mon 08-Oct
08-Oct Mon Tue 09-Oct
09-Oct Tue Wed 10-Oct
10-Oct Wed Thu 11-Oct
11-Oct Thu Fri 12-Oct
12-Oct Fri Sat 13-Oct
13-Oct Sat Sun 10-Oct
Mexico 11 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2
City 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5 6 7 8 9 10 11 M 1 2
am pm am
PP16 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
13-Oct Sat Sun 14-Oct
14-Oct Sun Mon 15-Oct
15-Oct Mon Tue 16-Oct
16-Oct Tue Wed 17-Oct
17-Oct Wed Thu 18-Oct
18-Oct Thu Fri 19-Oct
19-Oct Fri Sat 20-Oct
20-Oct Sat Sun 21-Oct
21-Oct Sun Mon 22-Oct
Jo'burg 18 19 20 21 22 23 24 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5 6
am pm am
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Figure 4.16 . Round trip flight across 10  time zones (Participant 18). 
 
 
Figure 4.17 . Round trip flight across 5 time zones (Participant 20). 
 
 
Figure 4.18 . Round trip flight across 2 time zones (Participant 23). 
 
 
Figure 4.19 . Round trip flight across 8 time zones (participant 24). 
 
PP18 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
27-Jun Fri Sat 28-Jun
28-Jun Sat Sun 29-Jun
29-Jun Sun Mon 30-Jun
30-Jun Mon Tue 01-Jul
01-Jul Tue Wed 02-Jul
02-Jul Wed Thu 03-Jul
03-Jul Thu Fri 04-Jul
04-Jul Fri Sat 05-Jul
05-Jul Sat Sun 06-Jul
06-Jul Sun Mon 07-Jul
07-Jul Mon Tue 08-Jul
08-Jul Tue Wed 09-Jul
09-Jul Wed Thu 10-Jul
Bangkok 23 24 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5 6 7 8 9 10 11
Sydney
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2
2 3 4 5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 12 13 14
am pm am
PP20 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
11-Oct Thu Fri 12-Oct
12-Oct Fri Sat 13-Oct
13-Oct Sat Sun 14-Oct
14-Oct Sun Mon 15-Oct
15-Oct Mon Tue 16-Oct
16-Oct Tue Wed 17-Oct
17-Oct Wed Thu 18-Oct
18-Oct Thu Fri 19-Oct
19-Oct Fri Sat 20-Oct
JFK 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2 3 4 5 6 7 8 9 10 11 12
B2B N 1 2 3 4 5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 12
am pm am
PP23 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
03-Nov Tue Wed 04-Nov
04-Nov Wed Thu 05-Nov
05-Nov Thu Fri 06-Nov
06-Nov Fri Sat 07-Nov
07-Nov Sat Sun 08-Nov
08-Nov Sun Mon 09-Nov
09-Nov Mon Tue 10-Nov
10-Nov Tue Wed 11-Nov
11-Nov Wed Thu 12-Nov
12-Nov Thu Fri 13-Nov
Cape 19 20 21 22 23 24 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Town 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5 6 7
pm am pm
PP24 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
08-Nov Sun Mon 09-Nov
09-Nov Mon Tue 10-Nov
10-Nov Tue Wed 11-Nov
11-Nov Wed Thu 12-Nov
12-Nov Thu Fri 13-Nov
13-Nov Fri Sat 14-Nov
14-Nov Sat Sun 15-Nov
15-Nov Sun Mon 16-Nov
Las 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2 3 4 5 6 7 8 9
Vegas 9 10 11 N 1 2 3 4 5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9
am pm am
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Figure 4.20 . Round trip flight across 5:30 time zones (Participant 25). 
 
 
Figure 4.21 . Round trip flight across 5 time zones (Participant 26). 
 
 
Figure 4.22 . Round trip flight across 5  time zones (Participant 27). 
 
 
Figure 4.23 . Round trip flight across 8  time zones (participant 28). 
 
 
Figure 4.24 . Round trip flight across  4  time zones (Participant 29). 
PP25 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
06-Nov Fri Sat 07-Nov
07-Nov Sat Sun 08-Nov
08-Nov Sun Mon 09-Nov
09-Nov Mon Tue 10-Nov
10-Nov Tue Wed 11-Nov
11-Nov Wed Thu 12-Nov
12-Nov Thu Fri 13-Nov
13-Nov Fri Sat 14-Nov
Mumbai 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 :30
10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5 6 7 8 9 10 :30
PP26 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
03-Nov Tue Wed 04-Nov
04-Nov Wed Thu 05-Nov
05-Nov Thu Fri 06-Nov
06-Nov Fri Sat 07-Nov
07-Nov Sat Sun 08-Nov
08-Nov Sun Mon 09-Nov
09-Nov Mon Tue 10-Nov
Miami 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2 3 4 5 6 7 8 9 10 11 12
N 1 2 3 4 5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 12
am pm am
PP27 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
03-Nov Tue Wed 04-Nov
04-Nov Wed Thu 05-Nov
05-Nov Thu Fri 06-Nov
06-Nov Fri Sat 07-Nov
07-Nov Sat Sun 08-Nov
08-Nov Sun Mon 09-Nov
09-Nov Mon Tue 10-Nov
Boston 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2 3 4 5 6 7 8 9 10 11 12
N 1 2 3 4 5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 12
pm am
PP28 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
09-Nov Mon Tue 10-Nov
10-Nov Tue Wed 11-Nov
11-Nov Wed Thu 12-Nov
12-Nov Thu Fri 13-Nov
13-Nov Fri Sat 14-Nov
14-Nov Sat Sun 15-Nov
15-Nov Sun Mon 16-Nov
Vancouver 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2 3 4 5 6 7 8 9
9 10 11 N 1 2 3 4 5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9
am pm am
PP29 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
26-Nov Thu Fri 27-Nov
27-Nov Fri Sat 28-Nov
28-Nov Sat Sun 29-Nov
29-Nov Sun Mon 30-Nov
30-Nov Mon Tue 01-Dec
01-Dec Tue Wed 02-Dec
Muscat 21 22 23 24 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5 6 7 8 9
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Figure 4.25 . Round trip flight across  8 time zones (Participant 30). 
 
 
 
Figure 4.26 . Round trip flight across 8 time zones (participant 31). 
 
 
 
Figure 4.27 . Round trip flight across 8 time zones (Participant 32). 
 
 
 
Figure 4.28 . Round trip flight across 5  time zones (Participant 33). 
PP30 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
05-Dec Sat Sun 06-Dec
06-Dec Sun Mon 07-Dec
07-Dec Mon Tue 08-Dec
08-Dec Tue Wed 09-Dec
09-Dec Wed Thu 10-Dec
10-Dec Thu Fri 11-Dec
11-Dec Fri Sat 12-Dec
12-Dec Sat Sun 13-Dec
13-Dec Sun Mon 14-Dec
14-Dec Mon Tue 15-Dec
Shanghai 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1
1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5 6 7 8 9 10 11 M 1
am pm am
PP31 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
08-Dec Tue Wed 09-Dec
09-Dec Wed Thu 10-Dec
10-Dec Thu Fri 11-Dec
11-Dec Fri Sat 12-Dec
12-Dec Sat Sun 13-Dec
13-Dec Sun Mon 14-Dec
14-Dec Mon Tue 15-Dec
15-Dec Tue Wed 16-Dec
16-Dec Wed Thu 17-Dec
17-Dec Thu Fri 18-Dec
Hong 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1
Kong 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5 6 7 8 9 10 11 M 1
am pm am
PP32 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
10-Dec Thu Fri 11-Dec
11-Dec Fri Sat 12-Dec
12-Dec Sat Sun 13-Dec
13-Dec Sun Mon 14-Dec
14-Dec Mon Tue 15-Dec
15-Dec Tue Wed 16-Dec
16-Dec Wed Thu 17-Dec
17-Dec Thu Fri 18-Dec
18-Dec Fri Sat 19-Dec
19-Dec Sat Sun 20-Dec
Hong 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 1
Kong 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5 6 7 8 9 10 11 M 1
am pm am
PP33 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
11-Dec Fri Sat 12-Dec
12-Dec Sat Sun 13-Dec
13-Dec Sun Mon 14-Dec
14-Dec Mon Tue 15-Dec
15-Dec Tue Wed 16-Dec
16-Dec Wed Thu 17-Dec
17-Dec Thu Fri 18-Dec
18-Dec Fri Sat 19-Dec
19-Dec Sat Sun 20-Dec
20-Dec Sun Mon 21-Dec
Philadelphia 12 13 14 15 16 17 18 19 20 21 22 23 24 1 2 3 4 5 6 7 8 9 10 11 12
Washington N 1 2 3 4 5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 12
am pm am
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Figure 4.29 . Round trip flight across 3 time zones (Participant 34). 
 
 
Figure 4.30 . Round trip flight across 1 time zone (Participant 35). 
 
 
Figure 4.31. Round trip flight across 5.30 time zones (Participant 36). 
 
4.3.5 Descriptive Data for Objective Jet Lag  
 
Phase of the Circadian Rhythm in Relation to the LD Cycle in the Home Time Zone 
Using the acrophase times at T1 and T3, participants were classified as normally „entrained‟ 
(adjusted to the home time zone = range 24:00 h and 6:00 h) and not entrained (before 24:00 
h and after 6:00 h) (Lockey et al., 1999). Melatonin peak is expected to occur between 03:00 
h and 06:00 h in entrained individuals but, to allow for individual differences, a more 
conservative measure was used. The results showed that, while at both T1 and T3 the 
majority of the sample (85.7% and 67.9%) were classified as entrained, at T3 more subjects 
were classified as not entrained (32.1%) compared to baseline (14.3%), indicating some 
circadian disruption post return flight.  
 
Direction and Size of the Shift in Melatonin Acrophase 
The direction of the phase shift as measured by the change in melatonin acrophase between 
T1 (Baseline) and T3 (First Day Off was 51 minutes and 50 seconds (decimal time = 0.8639, 
PP34 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
17-Feb Wed Thu 18-Feb
18-Feb Thu Fri 19-Feb
19-Feb Fri Sat 20-Feb
20-Feb Sat Sun 21-Feb
21-Feb Sun Mon 22-Feb
22-Feb Mon Tue 23-Feb
Rhyiad 20 21 22 23 24 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5 6 7 8
pm am pm
PP35 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
04-Jan Mon Tue 05-Jan
05-Jan Tue Wed 06-Jan
06-Jan Wed Thu 07-Jan
07-Jan Thu Fri 08-Jan
08-Jan Fri Sat 09-Jan
09-Jan Sat Sun 10-Jan
Tel Aviv 18 19 20 21 22 23 24 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5 6
PP36 pm am pm
5 6 7 8 9 10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5
London 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
10-Feb Wed Thu 11-Feb
11-Feb Thu Fri 12-Feb
12-Feb Fri Sat 13-Feb
13-Feb Sat Sun 14-Feb
14-Feb Sun Mon 15-Feb
15-Feb Mon Tue 16-Feb
16-Feb Tue Wed 17-Feb
Delhi 22 23 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 :30
10 11 M 1 2 3 4 5 6 7 8 9 10 11 N 1 2 3 4 5 6 7 8 9 10 :30
pm am pm
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Table 4.6) which represents a phase delay (= positive sign) in the circadian rhythm. This is 
not consistent with the observed delay in time at destination in the present sample (mean time 
difference = 0.54 decimal time, Table 4.3) following eastward travel. The size of the change 
in melatonin acrophase represented by the absolute measure was 2.10 decimal hour (Table 
4.6). Closer inspection of the data (Table 4.5) revealed that of the crew who had shown a 
phase delay at T3 (64.3 %), a relative majority (55.6 %) had returned from a trip to the east 
which is usually associated with a phase advance of the circadian rhythm. This is contrary to 
expectation. However, further analysis of the data revealed that of those crew who showed a 
delay in circadian rhythm, the majority (55.4 %, in bold, Table 4.5) had a large time change 
regardless of direction travel.  
 
Table 4.5 
Descriptive Statistics (Phase Advance vs. Phase Delay of Circadian Rhythm) 
 
Note. Times are shown as decimal hour. 
 
4.3.6 Between-Day Comparisons for Objective Jet Lag  
 
The next analysis was carried out to assess whether the shift in melatonin between T1 
(baseline) and T3 (first day off) was significant. Mean melatonin peak occurred at 4.24 h 
(decimal) on the baseline night compared to 5.10 h (decimal) at T3 (Table 4.6). For objective 
jet lag as measured by the direction of the shift of melatonin  post return flight there was a 
significant difference between T1 (baseline) acrophase time and T3 (first day off) acrophase 
time (Z = -2.12,  p < .05). The mean of the ranks for aMT6s acrophase time for baseline was 
11.00 and the mean of the ranks for aMT6s acrophase time for the first day off was 16.44. 
n  (%) M (SD) Range n (%) M (SD) Range
Phase shift 10 (35.7) - 1.74 (1.05) -4.16 18 (64.3) + 2.29 (1.06) + 0.79 - + 4.62
Time change + 1.35 (5.77) -18 + 0.08 (6.87) - 8 - + 9
Direction
 East up to +2h 3 (30.0) 1 (5.6)
 East +3 - +5.50 1 (10.0) 4 (22.2)
 East + 7 - +10 2 (20) 5 (27.7)
 West -5 -  -6 2 (20.0) 3 (44.4)
 West -8 1 (10.0) 5 (27.7)
Trip length 4.20 (1.87) 3 - 9 4.17 (1.04) 3 - 6
Phase advance ( n  = 10) Phase delay ( n = 18)
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The results indicate that there was a significant phase delay between T1 and T3 suggesting 
participants were objectively jet lagged.  
 
To assess the size of the shift of melatonin acrophase, the data was arranged so that the mean 
change scores (T3 - T1) would result in a positive sign. The results showed that there was a 
significant difference between T1 and T3 (t(27) = 7.99, p <  .001) indicating that participants 
were objectively jet lagged as measured by the size of the shift in melatonin acrophase. For 
objective jet lag as measured by the size of the phase shift, the mean score was 2.10 decimal 
hours (Table 4.6).  
 
Table 4.6 
Between-day Comparisons for Objective Jet Lag (Decimal Time)(N = 28) 
      
  
Baseline
a 
T1 
First day off
a 
T3 
Direction of shift 
T3-T1 
Size of shift 
b
 
T3-T1 
      Melatonin  M = 4.24 5.10 0.86 2.10 
Acrophase time
c
      (SD) = (2.24) (2.56) (2.22) (1.08) 
 
Range = 22.65 - 10.85 24.60 - 9.54 -4.33 - 4.62 .17 - 4.62 
      a 24h urine sampling started night before, 
b
Absolute measure, 
c 
Time shown as decimal hour 
 
4.3.7 Predicting Objective Jet Lag at T3 (First day off) 
The next analysis was carried out to assess whether profile and psycho-behavioural variables 
at T1 and T2 could predict objective jet lag at T3 controlling for baseline objective jet lag 
(T1) using a hierarchical multiple regression. In order to select the variables to be entered in 
the regression, screening partial correlations (controlling for circadian phase at T1) were 
undertaken. The results (Table 4.7) showed that later planned (at baseline) take off and 
landing time for the return flight (back to the UK), a larger time change (absolute measure), 
increased subjective later waking time, fatigue and irritability were related to a delay in the 
circadian rhythm (later melatonin acrophase times). Interestingly, the initial correlation 
between eveningness and later circadian phase (r = - .43, p < .05) was lost when the influence 
of baseline circadian phase was partialled out.  
 
Because of the small sample, only the two strongest correlates of objective jet lag were 
included in the regressions. These are shown in bold in Table 4.7. Prior to conducting the 
hierarchical multiple regression, an examination of correlations revealed that no independent 
variables were highly correlated. This was also confirmed by the collinearity statistics which 
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were all within accepted limits (VIFs were smaller than 10 and Tolerance values were greater 
than .10) indicating multicollinearity was not a problem (Tabachnick & Fidell, 2007). In 
addition, there were no cases with Cook‟s distance values larger than 1 indicating that no case 
had undue influence on the results. The regression diagnostics revealed that the residuals 
were randomly distributed. In addition, there were no extreme univariate outliers identified in 
initial data screening and an examination of the Mahalanobis distance scores indicated no 
multivariate outliers (< 16.27 = critical value for three independent variables). Finally, the 
Durbin-Watson test statistic values were all greater than the dU (1.425) indicating there were 
no serial correlations within the regression residuals (Table A-1, Models with an intercept, 1 
per cent significance points of dL and dU, Durbin & Watson, 1951). 
 
Table 4.7 
Descriptive Statistics and Significant Partial Correlations Between Demographics, Trip 
Factors, Psycho-behavioural Variables and Objective Jet Lag at Time 3(First Day Off, N = 
28)  
          
Variables N M SD Objective jet lag T3 
          
Objective jet lag (T3) 28 5.10 2.56 - 
Profile variables (T1) 
    
Inbound arrival time 28 10.57 4.15 .56** 
Inbound departure time 28 24.57 4.54 .53** 
Time change (Abslolute measure) 28 5.81 2.53 .39* 
Psycho-behavioural variables (T1,T2) 
    
Fatigue  28 1.17 1.11 .55** 
Wake time  (- earlier, + later) 19 -0.46 2.2 .36* 
          
Note. *p < .05. **p < .01. 
 
A hierarchical multiple regression was chosen in order to evaluate which profile and psycho-
behavioural variable best predicted objective jet lag at Time 3,  after controlling for objective 
jet lag at Time 1 (baseline). For this purpose, (Table 4.8) jet lag at Time 1 was entered on the 
first step of the equation, followed by the two strongest correlates of objective jet lag (Table 
4.7) at Step 2. 
 
The hierarchical multiple regression (Table 4.8) revealed that at stage one, baseline objective 
jet lag contributed significantly to the regression model (β = .57, p < .001)  and accounted for 
33% of objective jet lag (R
2 
= .33, Adj R
2
 = .30, F(1, 26) = 12.78, p < .001). Introducing 
inbound arrival time and subjective fatigue explained an additional 37% of variation in 
objective jet lag (R
2 
= .70, Adj R
2
 = .66, F(3, 24) = 18.73, p < .001). It was found that 
objective jet lag at T1 was the strongest predictor of objective jet lag at T3 (β = .57, p < .001) 
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followed by inbound arrival time (β = .42, p <.001) and subjective fatigue (β = .41, p < .001).  
This indicated that while a phase delay in the circadian rhythm was predicted by later planned 
arrival time back in the UK and increased subjective fatigue, a phase delay in the circadian 
rhythm post-flight was best predicted by a delayed circadian rhythm at baseline.   
 
 
Table 4.8 
Hierarchical Multiple Regression Analysis for Variables Predicting Objective Jet Lag at T3 
(N = 28) 
                      
Outcome variable T3 N Predictor variable b 95% CI SE β R2 ΔR2 
                      
Objective jet lag 28 Step 1             .33   
      Constant 10.54 -0.17, 21.25 5.21       
      Objective jet lag T1 0.66 0.28, 1.04 0.18 .57***     
    Step 2               .37 
      Constant 6.41 -1.25, 14.07 3.71       
      Objective jet lag T1 0.66 0.38, 0.92 0.13 .57***     
      Inbound arrival time (T1) 0.26 0.11, 0.40 0.07 .42***     
      Fatigue T1,T2 1.08 0.46, 1.70 0.30 .41***     
    ΔF = 14.88***               
                      
Note. *p < .05. **p < .01. ***p < .001. 
 
4.3.8 Between-Day Comparisons for Subjective Jet Lag 
The results of the previous chapter found a significant difference between subjective jet lag at 
T1 and T3. However, the analysis was repeated here because of the smaller sample, after 
cases with non significant aMT6s were excluded (Section 4.3.3).  The results showed that 
there was a significant difference between reported jet lag at T1 baseline and reported jet lag 
at T3 (t(27) = -5.61, p < .001, Table 4.9) indicating participants were also subjectively jet 
lagged following their return trip. 
 
Table 4.9 
Between-Day Comparisons for Subjective Jet Lag (N = 28) 
     
  
T1 T3 T3-T1 
     Subjective Jet lag  M =  1.78 4.71 2.92 
 
(SD) = (1.88) (2.53) (2.76) 
 
Range = 0 - 7.24 0 - 9.26 -2.22 - 7.74 
     
 
 
Table 4.10 summarises the data showing that for both objective and subjective jet lag, there 
was a significant difference between baseline and post-flight scores.  
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Table 4.10 
Descriptive Statistics for Subjective and Objective Jet Lag Change Scores (N = 28) 
    
 
M SD Range 
    Subjective jet lag
a 
2.92 2.76 -2.22 - 7.74 
Objective jet lag  (direction)
b 
0.86 2.22 -4.33 - 4.62  
Objective jet jag  (size)
b c 
2.10 1.08 .17 - 4.62 
    a Visual analogue scale: 1 to 10. 
b
Time shown as decimal hour.  
c
Absolute measure 
 
4.3.9 Relationship Between Subjective and Objective Jet Lag  
The next analyses were carried out to examine whether at baseline (T1) and post-flight (T3 = 
first day off) objective jet lag could predict the perception of subjective jet lag by using linear 
regression analyses. A further linear regression analysis was undertaken to evaluate whether a 
change in melatonin acrophase time (T3 - T1 = direction of the shift and absolute scores = 
size of the shift) could predict the perception of a change in perceived jet lag levels.  
 
i) Predicting Subjective Jet Lag at Baseline (T1) 
At T1, the results (Table 4.11) showed that objective jet lag was a significant predictor of 
subjective jet lag (β = .42, p < .05) accounting for 18% of the variance in subjective jet lag 
R2 = .18, Adj R2 = .15, F(1, 26) = 5.61, p < .05. This indicated that at baseline the perception 
of jet lag was predicted by later melatonin acrophase. As later melatonin acrophase is 
associated with eveningness, the data was further explored to determine whether a 
relationship existed between subjective eveningness (Horne & Östberg, 1976) and jet lag at 
T1. The results revealed that eveningness was also a significant predictor (β = - .42, p < .05) 
of jet lag at T1 R2 = .18, Adj R2 = .15, F(1, 26) = 5.71, p < .05. In addition, there was a 
strong relationship between later circadian phase and eveningness (r = - .68, p < .001), 
indicating that melatonin acrophase occurs later in evening types.  
 
Table 4.11 
Predicting Subjective Jet Lag at T1, T3 and T3 - T1 (N = 28) 
                
Time Variable  b 95% CI SE β p 
                
T1 Constant -8.22 -16.93, 0.50 4.24     
  Objective jet lag 0.35     0.05,  0.66 0.15 .42 .03 
T3 Constant 1.08 -10.45, 12.6 5.61     
  Objective jet lag 0.13 - 0.27,  0.52 0.19 .13 .52 
T3-T1
a
 Constant 2.99 1.82, 4.16 0.57     
  Objective jet lag change scores -0.07 -0.57, 0.42 0.24 -.06 .76 
T3-T1
b
 Constant 3.40 0.99, 5.81 1.17     
  Objective jet lag change scores -0.23 -1.25,  0.80 0.50 -.09 .66 
                a
Direction of the shift in melatonin acrophase. 
b
Size of the shift in melatonin acrophase 
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ii) Predicting Subjective Jet Lag on crew’s First Day Off (T3) 
However, at T3, the results (Table 4.11) showed that objective jet lag (β = .13, p = .52) was 
not a predictor of subjective jet lag R2 = .02, Adj R2 = -.02, F(1, 26) = 0.42, p = .52.   
 
iii) Predicting Change in Subjective Jet Lag  
Similarly, objective jet lag change scores (T3 - T1 = direction of the shift and size of the 
shift) (β = -.06, p = .76 and β = -.09, p = .66, Table 4.11) were not predictors of subjective jet 
lag change scores T3-T1, respectively  R2 = .01, Adj R2 = -.04, F(1, 26) = 0.09, p = .76 and 
R
2
 = .01, Adj R
2
 = -.03, F(1, 26) = 0.20, p = .66) indicated that post-flight the change in 
perceived jet lag was not an outcome of the change in circadian rhythm.   
 
4.3.10 Describing the Residuals 
In order to further explore the relationship between objective and subjective jet lag change 
scores, unstandardised residuals were saved during the linear regressions analysing subjective 
jet lag change scores as the „dependent variable‟ and objective jet lag change scores 
(direction and size of the shift in aMT6s) as the „independent variable‟ (Table 4.11). These 
residuals represent the extent to which change in subjective jet lag could not be predicted 
from circadian phase change. For descriptive purposes, the gap between observed and 
predicted subjective jet lag scores was categorized as follows:  
i) As a positive residual equates to greater than expected subjective jet lag scores given 
the value of their objective jet lag, the proportion of participants with a positive value 
were classified as having more subjective jet lag than predicted by the model (Figures 
4.32 and 4.33); 
ii) As a negative residual represents lower than expected subjective jet lag change scores 
given the values of their objective jet lag change scores, the proportion of participants 
with a negative value were classified as having less subjective jet lag than predicted 
by the model (Figures 4.32 and 4.33). 
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Figure 4.32. Regression unstandardised residuals from predictor variable objective jet lag 
(direction of phase shift). 
 
 
Figure 4.33. Regression unstandardised residuals from predictor variable objective jet lag 
(size of phase shift). 
 
A margin of error was used (- 0.99, + 0.99) where participants were categorized as „matched‟ 
(change in subjective jet lag related to change in circadian rhythm). Appendix 11 contains 
details of the coding used in Table 4.12 which shows that participants were equally split 
between the three groups.    
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Table 4.12 
Descriptive Statistics for the Residuals (N = 28) 
 
 
4.3.11 Predicting the Residuals  
In order to test the extent and contribution of Fragmentation Index and hunger (significant 
predictors of subjective jet lag in Chapter 3) in predicting the residuals for both direction and 
the shift in melatonin acrophase, linear regression analyses were employed.  
 
i) Residuals (from objective jet lag as predictor - direction of phase shift) The results 
showed that subjective hunger and Fragmentation Index accounted for 34% of the variance in 
residual values (R
2
 = .34, Adj R
2
 = .29, F(2, 25) = 6.41, p < .01). This indicated that objective 
restlessness (β = .41, p < .05) during sleep at T1 and T2 significantly predicted an increase in 
the gap between predicted and observed subjective jet lag scores. However, perceived hunger 
(β = -.51,  p < .01) made the largest contribution to predicting residual values, indicating that 
an increase in the gap between subjective and objective jet lag was best predicted by lower 
appetite than normal before meals at T1 and T2.  
 
ii) Residuals (from objective jet lag as predictor - size of phase shift)  
Similarly, the results showed that hunger and Fragmentation Index  accounted for 32% of the 
variance in residual values (R
2
= .32, Adj R
2
 = .26, F(2, 25) = 5.82, p < .01) This indicated that 
objective restlessness (β = .40,  p < .05)  during sleep at T1 and T2 significantly predicted an 
increase in the gap between predicted and observed subjective jet lag scores. However, 
hunger (β = -.49,  p < .01) made the largest contribution to predicting residual values, 
indicating that an increase in the gap between subjective and objective jet lag was best 
predicted by lower appetite than normal before meals at T1 and T2. 
  
4.3.12 Summary of Main Results  
i) Of 35 participants, only 30 sets of aMT6 (urinary melatonin) results were derived 
from cosinor analysis because of insufficient data due to assay degradation of the 
Less Subjective Jet Lag Matched More Subjective Jet Lag
< 0 0 > 0
            n     %     n     %                n     % 
Observed Objective Jet Lag scores (Direction of shift) 11 (39.3) 8 (28.6) 9 (32.1)
Observed Objective Jet Lag scores (Size of shift) 11 (39.3) 7 (25.0) 10 (35.7)
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melatonin. However, two cases were excluded as the results were not significant 
leaving 28 cases for analysis; 
ii) Compared to baseline (T1), a significant change in the phase of the circadian rhythm, 
represented by a delay in the peak time of melatonin, was found by crew‟s first day 
off (T3). A significant increase in subjective jet lag was also found (mean difference 
between T1 and T3);  
iii) While a phase delay in the circadian rhythm at T3 was predicted by later planned 
(measured at baseline) arrival time back in the UK (T2) and increased perceived 
fatigue (T1 and T2, composite scores), a phase delay in the circadian rhythm post-
flight was best predicted by a delayed circadian rhythm at baseline.   
iv) At baseline the perception of jet lag was predicted by melatonin acrophase (peak 
time). However, objective jet lag at T3 (crew‟s first day off) and objective jet lag 
change scores (T3 - T1 = direction of the shift and size of the shift in melatonin peak 
time) were not predictors of subjective jet lagat T3 and subjective jet lagchange scores 
(T3 - T1); 
v) Descriptive evaluation of the residuals saved during the regressions analyzing 
subjective jet lagchange scores (T3-T1 = direction of the shift and size of the shift in 
melatonin peak time) revealed that participants were equally split between three 
categories: those who have more or those who have less change in subjective jet lag 
given their objective jet lag change scores and those whose subjective jet lag change 
scores are related to their objective jet lag change scores („matched‟); 
vi) While the gap (residuals) between predicted and observed subjective jet lag change 
scores (direction of the shift and size of the shift in melatonin peak time) was 
predicted by objective restlessness measured at T1 and T2 (composite scores), an 
increase in the gap between subjective and objective jet lag scores was best predicted 
by lower than normal appetite before meals at T1 and T2. 
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Figure 4.34. Predictors of objective jet lag on crew‟s first day off (T3) taking into account 
objective jet lag at T1 (Baseline). ***p < .001. 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.35. Predictors of the residuals saved during the linear regressions analysing 
subjective jet lag change scores as the „dependent variable‟ and objective jet lag change 
scores (direction and size of the shift in aMT6s) as the „independent variable‟ (Table 4.11). 
*p < .05. **p < .01. 
 
4.4 Discussion 
The aim of the current study was to i) describe circadian disruption and explore the role of 
profile and psycho-behavioural variables in predicting circadian disruption, ii) evaluate 
whether circadian phase could predict subjective jet lag measured at the same time (T1, T3 
and T3 - T1) and iii) assess the role of reduced hunger and objective restlessness in predicting 
the relationship or discordance between subjective and objective jet lag.  
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4.4.1 Circadian Phase in Relation to the Sleep/Wake and LD Cycle at T1 and T3  
The results showed that for the majority of the sample, the peak time of melatonin occurred 
within the sleep period at T1 and T3 (89% and 86% respectively). This indicated that the two 
rhythms were not uncoupled which occurs during internal circadian desynchrony (Roach et 
al., 2002). Moreover, when melatonin acrophase was evaluated in relation to the external 
environment, most to the sample was categorized as „entrained‟ (in synchrony) at T1 (85.7%) 
and at T3 (67.9%), even though the number of  „not entrained‟ crew increased post return 
flight (from 14.3% to 32.1%). This indicated that for the majority of the sample, the 
melatonin rhythm was not out of synch with the LD cycle which occurs during external 
desynchrony. Both internal and external desynchrony are associated with jet lag symptoms 
(Arendt et al., 2000; 2009) thus, these results would seem to suggest that jet lag symptom 
perception should be low. However, conservative estimates were used in the current study. In 
entrained subjects, melatonin acrophase usually occurs in the middle of the sleep period 
(Duffy et al., 2002). Using this marker, more crew would show disruption of the melatonin 
acrophase in relation to the sleep/wake cycle (Figures 4.3 – 4.31). Nevertheless, research has 
shown that the worst symptoms of jet lag are felt when melatonin acrophase occurs outside of 
the sleep period and during the daytime (opposite to circadian low in the home time zone, 
Eastman & Burgess, 2009). Thus, as subjective jet lag was significantly elevated at T3 (mean 
score of 4.8, Chapter 3), the results would seem to suggest a lack of relationship between 
circadian phase and jet lag symptoms. This will be explored further in Section 4.4.3. 
 
4.4.2 Circadian Disruption 
The results showed that there was a significant phase shift of melatonin of 52 minutes post 
return flight relative to baseline representing a phase delay usually associated with westward 
flying. However, the mean change time was 32 minutes as the majority of the sample had a 
flight to the east (60.7%) normally associated with a phase advance of the circadian rhythm. 
Therefore, the results are not in agreement with the expected direction of the shift. This 
inconsistency may be explained by the fact that circadian adaptation may have started by a 
phase advance of the melatonin rhythm in the new time zone and continued by phase delay 
during adaptation to the home time zone post-flight. For example, Suvanto and colleagues 
(1993) found that crew partially adapted to the east following the Helsinki – Los Angeles 
flight and to the west following their return flight. Antidromic re-entrainment may be an 
alternative explanation. This occurs when readjustment is in the wrong direction to that of the 
shifted L/D cycle, usually when time shifts by eight hours or more (Eastman & Burgess, 
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2009). Indeed, descriptive data indicated that of the crew who showed a phase delay, a 
relative majority had a large time change (seven hours of more).  
 
When absolute phase shifts were taken into account, the melatonin phase shift post-flight was 
of 2 hours and 6 minutes (2.10 h, decimal hour) and the absolute mean time change was 5 
hours and 50 minutes. Adjustment following transmeridian flight to the west usually occurs at 
a rate of 92 minutes per day while to the east adjustment occurs at a rate of 57 minutes per 
day (Aschoff et al., 1975). Using the conservative measure of 57 minutes per day as the 
majority of the sample had a trip to the east (60.7 %, Table 4.5) and the fact that 75% of the 
sample indented not to stay on UK time, a shift of 2:06 h in the melatonin acrophase at T3 
would seem to fit with the adjustment rates, given that the average trip length was four days 
(= 48 hours spent at destination). When melatonin acrophase was measured at T3, 
participants had been back in the UK for approximately 12 hours and they had only just 
begun adaptation to the home time zone, by using the opposite pattern to that used for 
adjusting to the destination time zone (e.g. phase delay when returning from a trip to the east 
and vice versa). Thus, the data would suggest that time change at destination may be related 
to circadian phase change at T3 (further explored in Section 4.4.3). Some researchers argue 
that it is unlikely that a phase shift less than three hours would result in decrements to 
performance during the day (Suvanto et al., 1993a). Whilst a time change of at least three 
hours is usually associated with jet lag symptoms, there is evidence that some individuals are 
intolerant to a shift of only one hour time change (Atkinson, 2013) which would only require 
a phase advance or delay of the rhythm of one hour. This is likely to depend on individual 
differences (Chapter 2.11).  
 
4.4.3 Predicting Circadian Disruption at T3 (Crew’s First Day Off) 
The results showed that increased absolute time change, later planned departure and arrival 
time of the home-bound flight, subjective fatigue and reported later waking (composite 
measure of T1 and T2) were related to the phase delay of the melatonin acrophase, after 
adjusting for circadian phase at baseline. The results fit in with past research which found that 
circadian disruption is related to the number of time zone crossed (Arendt et al., 2000; 2009), 
increased fatigue (Waterhouse et al., 2000; 2002; Belenky & Akerstedt 2011; Caldwell, 2005; 
Nagda & Koontz, 2003) and waking times e.g. wake-up process (W) of Three-Process 
Model, Folkard et al., 1999; Roach et al., 2002. Interestingly, later scheduling of the home-
bound flight (e.g. night- flying) and subjective fatigue were found to be strong predictors of a 
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phase delay after the return home. This suggests that trip factors are important predictors of 
circadian disruption in aviation in line with the literature. The implication is that during the 
night, crew are exposed to light at the cross-over point (circadian nadir, between 4:00 h and 
6:00 h) between phase delay and phase advance. Light exposure before the nadir delays the 
circadian rhythm while light after the nadir advances the rhythm. This variability could 
explain why a phase delay was noted despite a mean advance of time at destination. Indeed, 
Lowden and Akerstedt (1999) found some inconsistencies during readjustment to jet lag back 
home in crew following a flight to the east (Tokyo). Crew reported symptoms such as 
reduced alertness on waking during days off consistent with a phase delay of the rhythm 
typical of a flight to the west. Lowden and Akerstedt (1999) argued that the results may be 
attributed to work characteristics such as night work and exposure to an initial phase delay by 
light. However, this was only an assumption as circadian function was not measured.   
Further evidence of a phase delay by work characteristics came from a study on shift work 
(Papantoniou et al., 2014) which showed that night workers had lower levels of urinary 
melatonin compared to day workers and peak time occurred three hours later (08:42 h and 
05:36 h respectively). Moreover, phase delay was stronger among subjects with higher 
exposure of light at night and number of nights worked indicating that work characteristics 
are important mediators of circadian phase change (exposure to light). Subjective fatigue 
possibly due to a combination of circadian disruption and sleep loss (at T2) was also 
predictive of a phase delay of the rhythm. This indicated that symptom perception has also 
important implications for bio measures not just subjective measures of jet lag (Waterhouse 
et al., 2000; Crum et al., 2011). This is in line with Health Psychology, according which 
health beliefs can affect illness. Indeed, trip characteristics and circadian disruption may 
explain the increase in subjective fatigue which then mediated circadian disruption.  
However, a phase delay in the circadian rhythm post-flight was best predicted by a delayed 
circadian rhythm at baseline indicating that if we know the phase of the rhythm of long-haul 
cabin crew at baseline, we can predict circadian disruption post-layover.  Interestingly, 
baseline corresponded to the last recovery day of the previous trip, thus a delay of the rhythm 
may be perpetuated by trip factors and symptom perception contributing to the chronicity of 
the condition.  
 
4.4.4 The Relationship Between Subjective and Objective Jet Lag at T1, T3 and T3 - T1 
The results found that subjective jet lag at T1 was predicted by circadian phase at T1. In 
particular, later melatonin acrophase time predicted an increase in subjective jet lag. The 
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relationship between bio and subjective measures was contrary to expectation given the 
existence of psychological factors that may influence the variability in symptom perception 
(e.g. internal states, cognitions, stress, Pennebaker, 1983; Gijsbers van Wijk & Kolk, 1997; 
Kirmayer et al., 2004; Rief & Broadbent, 2007). Given the surprising finding, the data was 
further explored to assess the relationship between late circadian phase, eveningness and jet 
lag at T1 that may explain the link between later circadian phase and jet lag. The results 
found that eveningness is strongly related to later circadian phase in line with past research 
which found that  DLMO and melatonin acrophase occur three hours later in evening types 
than morning types (Griefahn et al., 2002). It also provides further evidence that the MEQ is 
a valid assessment of mornigness-eveningness and that diurnal preference has a biological 
basis (Katzenberg et al., 1998). In addition, eveningness also predicted subjective jet lag at 
T1. The present results are therefore in accordance with evidence which suggests that 
eveningness is associated with an increased report of subjective symptoms such as daytime 
fatigue, lower sleep quality and decreased wellbeing as well as higher report of maladaptive 
behaviors such as smoking and stimulants (alcohol and coffee) and poor eating habits 
(Lucassen et al., 2013). These symptoms are believed to be mediated by social jet lag, which 
is the misalignment between circadian preference and social time on weekdays (Taillard et 
al., 1999). Crew have their days off (e.g. baseline) during weekdays where late sleep onset 
combined with early rise (due to external, social clock) may result in accumulated sleep loss 
in late chronotypes. It is thought that social jet lag may mediate the link between late 
chronotype and maladaptive health behaviors which further exacerbates the experience of jet 
lag on days off (Taillard et al., 1999).   
 
However, circadian phase at T3 and circadian rhythm changed scores (T3 - T1) did not 
predict subjective jet lag at T3 and change scores respectively, indicating that factors other 
than circadian preference may be related to jet lag post-layover. This is in line with the 
study‟s hypothesis and much evidence within the discipline of Health Psychology according 
to which there is no correspondence between what goes on in the body and symptom 
perception (Pennebaker, 1982; 1983). It may be that the discordance between symptom 
perception and the biomarker of the body clock is the product of a disruption to the „healthy‟ 
self following transmeridian flight. That is, at baseline, when cabin crew are not experiencing 
acute symptoms, individual differences such as eveningness are more relevant to the 
experience of jet lag. However, post-trip, there are many factors (e.g. mood, stress) other than 
diurnal preference that may affect symptom perception leading to an underestimation or 
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overestimation of symptoms and resulting in a discrepancy between the two assessments. 
Indeed,  Wright and colleagues (2005) found that exposure to a stressor for example, caused 
an increase in reported symptoms but no increase in objective response (reflux) suggesting 
that when the „mind‟ is under pressure, it is less in tune with the „body‟. Thus, the mind was 
shown to be an important mediator of illness. Given the relationship between objective and 
subjective jet lag at baseline, it could also be argued that the assessment of subjective jet lag 
at baseline may also be a useful tool for estimating circadian phase and diurnal preference in 
long-haul cabin crew.   
 
4.4.5 Predicting the Discrepancy between Subjective and Objective Jet Lag  
The results were analysed to test whether altered responses to meals and objective 
restlessness at T1 and T2 (composite scores) predicted the discrepancy between subjective 
and objective jet lag as measured by melatonin phase shift and absolute melatonin acrophase 
shift (residuals) as well as subjective jet lag (Chapter 3).  The results showed that a lower 
than normal hunger before meals at time T1 and T2 consistently predicted the discrepancy 
between subjective and objective jet lag (direction of phase shift and absolute melatonin 
acrophase shift). Further, reduced appetite was a stronger predictor than objective 
restlessness. This indicated that negative responses to meals at inappropriate times not only 
mediated feelings of jet lag but they also mediated the dissonance between symptom 
perception change and circadian phase change.  This would suggest that improving responses 
to meals at the appropriate time of day (e.g. breakfast, lunch and dinner) may have important 
practical implications for jet lag reduction.  This is consistent with recent evidence in animals 
and humans linking regular meal time with positive outcome (e.g. resetting circadian 
rhythms, regular metabolic responses and successful weight loss, Chapter 2.10.4).   
 
4.4.6 Limitations 
There were several limitations in the current study. Firstly, light was not assessed directly but 
only indirectly through the variation in day length between summer and winter. This was 
enough to detect a difference is circadian phase in Suvanto and colleagues‟ study (1993a), but 
not in the present study, indicating actual light exposure is a more sensitive measure. Thus, a 
phase delay by light, in connection with later scheduling of the return flight, could only be 
presumed. Evidence suggests that extended hours and night work delay sleep which strongly 
influences timing of light exposure and therefore circadian adaptation (Rajaratnam & Arendt, 
2001). Indeed, phase shifts can be produced even by room light intensity (100 - 180 lux, 
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Arendt, 2009).  As most crew chose to adapt to local time, it was also assumed that daylight 
exposure/avoidance in the new time zone at the crossover point between phase delay and 
phase advances (e.g. BCT minimum) may have delayed the rhythm.  Some evidence of this 
came from the correlation between absolute time change at destination and a delay in 
melatonin acrophase time post trip (T3). However, the small sample size precluded the 
possibility of entering all significant correlates of circadian phase at T3 into the regression to 
evaluate the contribution of each predictor. Secondly, subjective jet lag was only measured 
by one item. This may lead to high levels of random error variance. It may be more 
appropriate for the cabin crew population to investigate jet lag as a multidimensional measure 
(sleep, meals, fatigue, mood) given the significant increase of many jet lag symptoms post 
trip (Chapter 3).  Lastly, fatigue was also assessed by one item with confusing wording (e.g. 
„fatigue‟ in the heading versus „tired‟ in the question). As crew may be affected by chronic 
fatigue, a multidimensional measure of fatigue may also be more appropriate in the cabin 
crew population.   
 
4.4.7 Conclusion and Further Research 
A phase delay of the circadian rhythm at T3 was primarily affected by circadian phase at 
baseline and to some extent by night flying (e.g. later departure time). It was presumed that 
crew were exposed to light at a critical time of the night which may have delayed the 
circadian rhythm. However, overall, negative attitudes to meals at inappropriate times were 
found to be consistent predictors of both subjective and the discrepancy between subjective 
and objective jet lag indicating that eating behaviour and symptom perception have important 
implications for the wellbeing of cabin crew. Thus, improving food intake behaviour may be 
used to alleviate jet lag in long-haul cabin crew. This will be the focus of Chapter 6. Further, 
in line with much theory and research in Health Psychology (e.g. Pennebaker, 1983; 
Kolhmann, 2001), the results also suggested that jet lag can be seen as a more holistic 
dimension as the product of the mind and the body being related at baseline (late circadian 
phase and increased perceived jet lag) and as the mind and the body being out of synchrony 
with each other due to acute symptom perception (e.g. negative meal responses) and altered 
behaviours (e.g. objective restlessness during sleep). Thus, future research could explore how 
cabin crew make sense of jet lag (e.g. beliefs) and how this relates to jet lag at baseline and 
recovery (e.g. second day off). The latter will be the focus of Chapters 5 and 6.  
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CHAPTER 5: MAKING SENSE OF JET LAG. THE RELATIONSHIP BETWEEN 
ILLNESS REPRESENTATIONS, COPING, SOCIAL SUPPORT, PRE-WORK 
STRATEGIES AND THE EXPERIENCE OF JET LAG AND CHRONIC FATIGUE 
ON THE DAY BEFORE A LONG-HAUL TRIP: 
A CROSS-SECTIONAL STUDY 
5.1 Introduction 
As described in Chapters 3 and 4, symptom perception is an important predictor of jet lag 
assessed subjectively, objectively and holistically (subjective/bio measures). This reflects the 
wider view in Health Psychology that beliefs can modify the illness experience and that 
symptoms are perceptions rather than sensations (Pennebaker, 1982; 1983; Gijsbers van 
Wijk, & Kolk, 1997). According to Pennebaker (1982) and Gijsberg van Wijk et al. (1997), 
physical symptoms may be based on physiological changes but these changes alone are 
unlikely to explain the experience of symptoms.  Symptoms are not simply the result of 
passive processing of somatic information (bottom-up processes) but humans make decisions 
about a physical symptom by making attributions about their experience (e.g. a top-down 
process). Because of a limited attentional capacity, only internal information that is salient is 
processed at any given moment (Pennebaker, 1982). There is also individual variation in the 
amount of attention placed on internal information, as opposed to external information, that 
can lead to an overestimation of somatic symptoms (e.g. changes in heart rate, Pennebaker, 
1983). However, what differentiates sensations from perceptions is the evaluation process. 
The latter can change the interpretation of sensory information such as a rise in body 
temperature or a sick feeling in the stomach into a symptom of illness (e.g. fever and nausea) 
or psychological distress (e.g. anger and fear). Therefore, crucial to the experience of 
symptoms is the meaning that individuals attribute to the perceptual process.  Gijsbers van 
Wijk and colleagues (1997) argued that there may be contextual and individual differences 
that explain variation in the relative contribution of bottom-up and top-down processes that 
operate simultaneously in symptom perception. The extent to which one predominates 
depends on the salience of somatic information and the strength of cognitions. In Chapter 4, 
the perception of jet lag pre-trip was related to the biomarker of jet lag but the two 
dimensions differed post-trip, such that some individuals reported more jet lag symptoms 
relative to their circadian phase change and vice versa. It is possible that in the absence of 
acute symptoms, the detection of bodily sensations is in line with the perception of 
symptoms. Thus, later circadian phase (associated with eveningness) was related to an 
increase in the experience of jet lag symptoms, possibly mediated by „social jet lag‟. 
  
154 
 
However, post-trip, the circadian preference for late activities and sleep was no longer related 
to perceived jet lag indicating symptom perception was mediated by variables (e.g. perceived 
low hunger and fragmented sleep) other than a biological preference for late activities and 
sleep. It is possible that the influence of top-down processes is enhanced post-trip due to prior 
experience of acute jet lag symptoms, social messages and expectations on recovery. This 
may affect the way crew process somatic symptoms leading to variability in symptom 
perception. For example, a patient who has had a heart attack is more likely to interpret 
shortness of breath as a heart condition than hyperventilation. The somatic sensation of cold 
hands could be attributed to cold air and therefore be attributed to normal environmental 
conditions or it could be experienced as poor circulation which means this sensation has now 
become a symptom (Cioffi, 1991). The variability in symptom perception was more evident 
post-trip but the shared variance between circadian phase and subjective jet lag pre-trip was 
only 18% (Chapter 4.3.10) indicating that top-down processes may also affect symptom 
perception pre-trip. As attributions, contextual information and individual differences can 
alter the experience of symptoms, an investigation into the meaning making process and its 
influence on jet lag was deemed important.  
 
Using the Self-Regulatory model (Leventhal et al., 1980), variability in symptom perception 
may be explained by individuals having non-specialised models about their condition which 
vary according to the experience of the health threat. As individuals‟ perception about the 
disease is influenced by their interpretation of socio-cultural knowledge of the illness (from 
significant others and authoritative sources such as doctors), previous and current experience 
of the illness (symptomatic information), the emphasis is on the changing nature of 
cognitions in response to the environment. Indeed, Leventhal et al. (1980), proposed a 
dynamic model of self-regulation whereby individuals select coping strategies based on their 
underlying illness representations which then mediate outcome. Most importantly, over time 
appraisal may lead individuals to re-evaluate the threat and redefine illness representations. 
The scheduling of trips is regular, so that on average long-haul crew have three days off 
between duties. Therefore, it is likely that crew have different expectations for jet lag pre-trip, 
post-trip and during recovery in response to symptom perception and as a result of  the 
efficacy of coping strategies used to deal with different symptoms.  Thus, it may be that 
before a long-haul flight, in the absence of acute symptoms (e.g. trip factors, psycho-social 
factors), the common sense view of jet lag pre-trip is closer to the biomarker of jet lag (e.g. 
biomedical knowledge).   
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Making sense of jet lag 
Given the importance of jet lag symptom perception over profile variables (Chapters 3 and 4) 
and the variability of perceived jet lag in relation to the bio measure of jet lag, an 
investigation of how long-haul crew make sense of jet lag was deemed useful in order to 
understand their influence on coping strategies and outcome. To date, this has not been done. 
According to SRM, (Leventhal et al., 1980; Cameron & Leventhal, 2003) individuals 
consistently describe their illness around cognitive and emotional representations of their 
condition. Applied to jet lag, these are: i) the identity (frequency and prevalence of jet lag 
symptoms); the perceived cause (e.g. disruption to body clock); the time line (e.g. jet lag lasts 
1,2,3 days after the trip or beyond); the perceived consequences (e.g. the impact on 
wellbeing, relationships); the cure/control of an illness (e.g. „I can deal with jet lag‟) and the 
emotional response (e.g. „my jet lag disrupts my personal/social relationships‟, Eriksen, 
2006). Research using the IPQ has revealed that these components are strongly interrelated. 
For example, individuals who have a strong illness identity tend to view their illness as 
uncontrollable, chronic and with severe consequences (Hagger & Orbell, 2003). 
 
Illness Representations, Coping, Social Support and Outcome 
A meta-analytic review of illness cognitions, coping and outcome (Hagger & Orbell, 2003) 
revealed a strong link between illness perceptions and a number of outcomes in chronic 
illness, including quality of life and self-management behaviours (Chapter 2.12). In the 
context of coping, perceived cure/control is broadly related to problem-focused coping, 
cognitive reappraisal and seeking social support but not to avoidance/denial. On the other 
hand, identity, consequences and timeline showed moderate to strong positive correlations 
with denial and expression of emotions. However, only few studies have found partial 
support for a mediational model between illness representations coping and outcome (e.g. 
Carlisle et al., 2005; Evans & Norman, 2009), as outlined by Baron and Kenny (four steps 
model, 1986). In addition, coping was not found to be a predictor of outcome in Chapter 3 
and 4. However, this may be due to the small sample sizes used. It may also be that coping 
strategies related to preparing and coping with the demands of night duties and potential 
disruption to the circadian rhythm are more relevant for cabin crew than dispositional coping 
traits. The literature has identified sleep hygiene measures and eating strategies that may help 
counteract jet lag and fatigue (Henderson & Burt, 1998; Arendt et al, 2000; Flower, 2001; 
Norman et al., 2002, Chapter 2.13). Thus, the relationship between illness perceptions, the 
use of pre-work strategies and outcome may be stronger. There is also evidence focusing on 
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the impact of social support on coping with the stressors that are potentially associated with 
the job of cabin crew (jet lag and fatigue; work/life balance; disruption to social and personal 
relationships, Eriksen, 2006). For example, Henderson and Burt (1998) found that amongst 
shift working nurses, socialising strategies, such as participating in family events and keeping 
in contact with other shift workers, were positively related to better psychological wellbeing, 
sleep quality, shift work satisfaction and social life satisfaction. Therefore, illness 
perceptions, coping, pre-work strategies and social support may also affect crew‟s experience 
of jet lag.  
 
Chronic Fatigue 
Crew also experience fatigue and it is possible that this is also influenced by the same 
psychological factors described above. Literature describing the measurement of fatigue, has 
identified a lack of consensus about a clear definition of fatigue which has resulted in the 
inappropriate use of measures to assess chronic fatigue in aviation (Chapter 1), potentially 
affecting validity and reliability of the results. For example, in the Liverpool Jet Lag 
Questionnaire (Waterhouse et al., 2000), the word „tired‟ and „fatigue‟ were used 
interchangeably. Subjective sleepiness has been used in aviation to measure the impact of trip 
factors and circadian disruption on alertness (Flower, 2001). However, the problem is that 
long-haul cabin crew are exposed to chronic levels of fatigue as well as jet lag and it is 
unlikely that such chronicity is captured by single aspects of fatigue such as sleepiness or 
tiredness. The Chalder Fatigue scale, however, is a multidimensional measure of chronic 
fatigue (Chapter 2.9.1.2), as it underpins two dimensions:  physical fatigue (e.g. lack of 
energy, feeling weak, less muscle strength, need to rest) and mental fatigue (e.g., 
concentration, memory). Further, it can discriminate between fatigue and non fatigue cases 
(validated cut off scores) as it has been validated in clinical and community settings. Thus, it 
was deemed a useful tool to determine whether long-haul cabin crew are affected by chronic 
fatigue pre-trip. Similarly, it may be advantageous to evaluate jet lag as a multidimensional 
measure given that many symptoms are related to the overall perception of jet lag 
(Waterhouse et al., 2000) and are worse post-trip like the overall feeling of jet lag (Chapter 
3). Moreover, to facilitate participation in the study, the Liverpool Jet Lag questionnaire was 
revised (e.g. one assessment per day, see Section 5.2).   
 
The aim of the present study was therefore to i) describe how crew make sense of jet lag, 
what coping strategies, pre-work strategies they use and whether they are satisfied with social 
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support; ii) evaluate subjective jet lag levels (and symptoms) and chronic fatigue; iii) describe 
the patterns of correlations between profile variables, process variables (illness 
representations, coping, pre-work strategies, social support) and outcome variables 
(subjective jet lag and chronic fatigue), and  iv) assess the contribution of profile and process 
variables in predicting outcome variables. All measurements were taken the day before a 
long-haul flight. The assumption was that at such time, crew are not affected by acute 
symptoms typical of post-trip thus, illness cognitions reflect a common-sense view of their 
condition acquired through repeated experience of the symptoms and social messages.  
 
5.1.2 Hypotheses  
It was therefore hypothesised that, on the day before a long-haul trip: 
i) There would be moderate to high correlations between the different components of 
the illness representations. In particular, high scores in the identity would correlate 
positively with the duration (chronicity/cyclical) and consequences (physical and 
emotional) of jet lag. On the other hand, high controllability (personal and treatment) 
would correlate negatively with the duration (chronicity/cyclical) and consequences 
(physical and emotional) of the condition; 
ii) Long-haul crew would experience chronic levels of fatigue; 
iii) More optimistic illness perceptions would be significantly related to problem-focused 
and approach-oriented emotion-focused coping and more frequent use of pre-work 
strategies. Instead, more pessimistic illness perceptions would be significantly related 
to avoidant-oriented emotion-focused coping strategies and less frequent use of pre-
work strategies; 
iv) Illness perceptions, pre-work strategies, coping and social support would be stronger 
predictors of perceived jet lag (unidimensional and multidimensional) and fatigue 
(multidimensional) than profile variables.   
 
5.2 Methods 
5.2.1 Design 
The present study used a cross sectional design. Measurements (jet lag, fatigue, illness 
cognitions, social support and coping strategies) were taken the day before a long-haul flight. 
The data in the present study reflects the baseline data taken for the longitudinal study 
reported in the next chapter. 
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5.2.2 Participants 
Ninety five cabin crew „‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ took part in the study. „‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ 
„‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ 
„‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ 
„‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟  Cabin crew may have a full time contract or a part-time contract: „‟‟‟‟‟ 
„‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ 
„‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟. They have different responsibilities onboard: Cabin 
crew are responsible for safety and cabin service; Supervisory crew carry out cabin service 
duties and are responsible for individual cabins or have overall cabin service responsibility 
„‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ Cabin crew are 
also entitled to inflight rest in one continuous period, „‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ 
„‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ 
„‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ 
„‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ 
Long-haul cabin crew cross several time zones on average once per week and have two to 
four days off after each trip depending on the number of time zones crossed, length of trips 
and duty times. In this study, crew in all fleets had carried out a long-haul trip before data 
collection and had a long-haul trip planned the following day. The only variation was relative 
to days off prior to data collection, which is dependent on contract hours.  „‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ 
„‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ 
„‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ 
„‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ 
„‟‟‟‟‟.  
 
Recruitment 
This cross-sectional study was conducted as the baseline component to the „‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ 
„‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟.  Recruitment was carried out by sending an email to „‟‟‟‟‟ 
„‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ 
„‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ 
15).  
 
Inclusion Criteria 
Cabin crew were included if they regularly did long-haul flying according to their contract 
types (e.g. see part-time structure) and were therefore exposed to jet lag. According to the 
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International Classification of Sleep Disorders-2 (American Academy of Sleep Medicine 
2005, pp.130-131), the diagnostic criteria for Jet Lag Disorder are: 
 „A. There is a complaint of insomnia or excessive daytime sleepiness associated with 
transmeridian jet travel across at least two time zones. 
 B. There is associated impairment of daytime function, general malaise, or somatic 
symptoms such as gastrointestinal disturbance within one to two days after travel.   
 C. The sleep disturbance is not better explained by another current sleep disorder, medical or 
neurological disorder, mental disorder, medication use or substance use disorder.‟ 
 
Exclusion Criteria 
i) Any crew taking melatonin; 
ii) Any crew with underlying medical conditions that affect sleep (e.g. chronic fatigue 
syndrome, depression, seasonal affective disorder, anorexia). 
Taking any medications that may affect sleep: anti-arrhythmic (heart rhythm problems), beta 
blockers (high blood pressure, angina), Clonidine (for high blood pressure, smoking cessation 
and other health problems, corticosteroids (inflammation, asthma), diuretics (high blood 
pressure), nicotine replacement products, sedating antihistamines (for cold and allergy 
symptoms e.g. Benadryl).   
 
5.2.3 Measures 
Participants completed the following measures to assess their profile characteristics, the 
process variables and the key outcome variables. 
i) Profile characteristics.  These include demographics, trip characteristics and morning-
eveningness;  
ii) Process variables. These include work preparation strategies, coping strategies and 
perceived social support; 
iii) Outcome variables. These include subjective fatigue and jet lag. 
 
Profile Characteristics  
i) Demographic Variables 
Participants were asked for the following information: age, gender, nationality, marital status, 
number of children, length of service, types of contract (full-time; 75% part-time; 50% part-
time, 33% part-time) and their onboard role (supervisor and cabin crew, see Appendices 17 & 
18).  
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ii) Trip Characteristics  
The following information regarding crew‟s upcoming trip was also collected: date of the 
trip, destination, report time, time change and number of days off before the trip (including 
the baseline day, see Appendices 17 & 18).  
 
iii) Morningness-Eveningness 
Chronotype was measured by the Horne-Ostberg Questionnaire (MEQ, Horne & Ostberg, 
1976) which looks at preferences for different times of day for different activities.  It contains 
14 questions which are multiple choice and five questions where participants are asked to 
indicate the preferred time of day for a particular activity.  Each question is assigned a value 
from 0 to 6 to give a total score ranging from 16 to 86: Definitely morning type 70 - 86; 
Moderately morning type 59 - 69; Neither type 42 - 58; Moderately evening type 31 - 41; 
Definitely evening type 16 - 30 (see Appendix 16).The following questions have been 
selected to assess profile characteristics (see Appendices 17 & 18):   
 
Table 5.1 
Profile Variables Used in Analyses 
Profile Variables Scoring 
  
Age  (Years) (20-60) 
Gender (Female-Male) (1-2) 
Nationality (UK-Other) (1-2) 
Marital status (Live alone-with partner) (1-2) 
Children (No-Yes) (0-1) 
Role (Crew-Manager) (1-2) 
Contract (Part time-Full time) (1-2) 
Service length (Years) (0.6-40) 
Direction Preference (fewer - more jet lag symptoms = 1. South Africa; 2. Middle East; 3. East 
Coast USA; 4. West Coast USA;   5.Far East) 
(1-5) 
Commuter (No-Yes) (0-1) 
Smoke (No-Yes) (0-1) 
Days off before (0;  1-2;  3-4; 5-11;  12-30; 31-54) (0-5) 
Season (Winter-Summer) (1-2) 
Morningness-Eveningess (MEQ) (16-86) 
Time change (previous trip) (-8 - +8) 
Time change abs (previous trip)   (0 – 8) 
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Process Variables 
i) Work Preparation Strategies 
Behavioural statements were based on two areas (sleep and eating) known in the literature to 
help manage disruption of the body clock associated with crossing time zones (see appendix 
4). Sleep strategies included strategic napping before a flight and good sleep habits (e.g. sleep 
hygiene, Morin & Espie, 2003). These statements were adapted from Henderson and Burt‟s 
study (1998). The „stay on home time‟ strategy is aimed at maintaining normal rest and 
activity patterns during a layover of 48 hours or less with a time change of +/- three hours 
(e.g. layovers in Africa and Middle East) and it is aimed at minimising the adjustment to local 
time during layovers of 48 hours or more with a time change of +/- four or more (e.g. USA, 
Far East, Wilkinson, 1999). Eating strategies are aimed at minimising disruption to scheduled 
balance meals and avoiding caffeine and alcohol before sleep (Henderson & Burt, 1998). 
Each statement is rated on a 5-point-scale (1 = never; 2 = rarely; 3 = sometimes; 4 = often 
and 5 = always). A composite mean score was calculated for each category: Sleep (nine 
items) and eating (five items). A high score indicated a high frequency of each strategy.  The 
proportion of participants who did not use the strategies („no‟ =1 and 2); used them 
„somewhat‟ (3) and use them often/always (= „yes‟) was also calculated (sum of frequency 
scores per item under new category divided by 9 for sleep strategies and 5 for eating 
strategies). 
 
ii) Illness Perceptions 
The participants completed the Revised Illness Perception Questionnaire (IPQ-R) by Moss-
Morris et al. (2002). This was adapted to measure illness perceptions of jet lag (Appendix 
16).  The IPQ- R evaluates nine dimensions from Leventhal and colleagues‟ Self-Regulatory 
Model (1980). The first part was concerned with the assessment of the identity of jet lag (the 
number of symptoms endorsed by the participants). 17 symptoms were included based on the 
literature (Spitzer et al., 1999; Waterhouse et al., 2007; American Academy of Sleep 
Medicine, 2005). Participants indicated whether or not they had experienced each symptom 
as part of their jet lag. The sum of the „yes‟ answers represented the identity score.   
 
The second part measured seven dimensions: Timeline (acuteness/chronicity of jet lag); 
Consequences (effects of jet lag on an individual‟s lifestyle, health and well- being); Personal 
Control (self management of jet lag); Treatment Control (treatment management of jet lag); 
Illness Coherence (personal understanding of jet lag); Timeline Cyclical (evolution of jet 
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lag); Emotional Representations (emotional reaction to jet lag). Responses were given on a 5-
point scale (strongly disagree = 1, disagree = 2, neither agree nor disagree = 3, agree = 4 and 
strongly agree = 5). The items in each subscale were summed after reverse scoring and the 
mean was calculated. High scores indicated stronger beliefs about jet lag‟s chronicity, 
cyclical course, personal influence, treatment possibilities, perceived understanding and 
emotional impact of jet lag.  
 
The third part consisted of items that measured the causes of jet lag with 18 possible causal 
attributions within three categories: Psycho-behavioural, biological and environmental. 
Participants expressed their level of agreement on 5-point Likert scale (from “strongly 
disagree” to “strongly agree”). The items in each subscale were summed after reverse scoring 
and the mean was calculated. High scores indicated stronger beliefs about the causal 
attributions of jet lag. Participants were also asked to rank-order the three most important 
factors they believed were the cause of their jet lag (Appendix 22). The Psycho-behavioural, 
biological and environmental dimensions were used to categorise the personal factors and the 
proportion of factors in each dimension was calculated.  
 
For all of the dimensions except identity and personal causes, the proportion of participants 
who disagreed („no‟ = 1 and 2), were unsure (3) and agreed („yes‟ = 4 and 5) was also 
calculated (sum of frequency scores per item under new category divided by N of subscale 
items). 
 
iii) Coping  
Coping strategies were measured by using the brief COPE (28 items, Carver, 1997, see 
Appendix 16). This is a shortened version of the COPE designed for use when participant 
response burden is a considering factor. Responses are given on a 4 point Likert scale: (1 = I 
usually don't do this at all;   2 = I usually do this a little bit;  3 = I usually do this a medium 
amount  and 4 = I usually do this a lot).  A low score represented infrequent use of a 
particular coping style. It has 14 subscales that are conceptually distinct. However, for 
descriptive purposes only they were grouped into strategies that are mainly aimed at dealing 
with the stressor itself (problem-focused) and managing the emotions associated with a 
stressful event (emotion-focused). Emotion-focused coping can also be divided into two other 
grouping variables: those which tap into „approach coping‟ and „avoidant coping‟, often 
regarded as „less useful‟ for adaptation in the long-term (Carver et al., 1989). Carver and 
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colleagues (1989) argued that composite scores are too simplistic, however, second-order 
factors (factor analysis) as predictors may be an alternative. Factor analysis could not be used 
in the present study due to the small sample size. Moreover, there is a great deal of overlap 
among the problem and emotion-focused coping strategies as when stressed individuals tend 
to use both kinds (Litman, 2006).   
 
Problem-Focused Strategies. These were measured in terms of: Active coping, items 2 and 
7; Use of instrumental support, items 10 and 23; Planning, items 14 and 25.   
 
Approach Oriented Emotion-Focused Strategies. These were measured in terms of: 
Venting, items 9 and 21; Humour, items 18 and 28; Religion, items 22 and 27; Positive 
reframing, items 12 and 17; Use of emotional support, items 5 and 15;  Acceptance, items 20 
and 24; 
 
Avoidant Oriented Emotion-Focused Strategies. These were measured in terms of: Self-
distraction, items 1 and 19; Denial, items 3 and 8; Substance use, items 4 and 11; Behavioural 
disengagement, items 6 and 16; Self-blame, items 13 and 26.  
 
The proportion of participants who did not use each strategies („no‟ = 1 and 2); used them 
„somewhat‟ (3) and use them often/always („yes‟= 4 and 5) was also calculated (sum of 
frequency scores per item under new category divided by 2).  
 
iv) Social Support 
Perceived social support was assessed using the SSQ6 (Sarason et al., 1987, see Appendix 
15) which is a 6-item scale. Each item asked participants to:  
i) List the number of people (initials and relationship to the respondent – up to 9 people) 
who provide support (N); 
ii) Rate the degree of satisfaction (S) with the overall support on a 6 point scale (1 = very 
dissatisfied to 6 = very satisfied).  
From the first part of the question a SSQN score is calculated by dividing the total N score 
for all items by 6. From the second part of the question a satisfaction score is calculated 
(SSQS) by dividing the sum of S scores for all items by 6. A high score indicated satisfaction 
with social support.  
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The proportion of participants who were dissatisfied („no‟ = 1 and 2); „somewhat dissatisfied‟ 
(3) „somewhat satisfied‟ (= 4) and satisfied (5 and 6 = „yes‟) was also calculated (sum of 
frequency scores per item under new category divided by 6). 
 
Outcome variables 
i) Jet Lag  
The jet lag item (Question 1, Appendix 16, p. 395) of The Liverpool Jet Lag Questionnaire 
(Waterhouse et al., 2000) was used to assess jet lag and its symptoms (14 items). These 
include: jet lag (one item), fatigue (one item); sleep performance (four items): difficulty 
initiating sleep, sleep quality, difficulty maintaining sleep (number of awakenings) and 
disruption of sleep wake-cycle (alertness 30 minutes after rising); attitudes to main meals 
(three items): hunger, palatability and feeling bloated; mood and mental performance (three 
items) concentration, motivation and irritability and bowel activity (three items): bowel 
consistency and frequency.  
 
However, the jet lag questionnaire was revised to address the following issues: 
i) Respondents were asked to assess their perception of jet lag and symptoms on a Likert 
scale (1= not at all to 5 = very much) instead of by visual analogue scale (-5 = less; 0 
= normal; +5 = more) thus eliminating comparing jet lag levels to „normal‟. The 
implication is that as cabin crew may be chronically jet lagged, any notion of 
normality may be compromised;  
ii) Respondents were asked to assess how much jet lag and related symptoms they had 
once (after dinner) instead of five times a day as the focus was on the overall 
perception of jet lag as opposed to its changeability during the day.   The reduction in 
the number of items was also to encourage participation; 
iii) The assessment of sleepiness after dinner was added: „How sleepy are you right 
now?‟ (1 = not at all to 5 = very much); 
iv) The following sleep questions were added: get up time; bed time; number of hours 
spent in bed in order to calculate sleep efficiency: (number of hours slept divided by 
the number of hours spent in bed) x 100. A score of 84% or less indicated sleep 
difficulties (Morin & Espie, 2003); 
v) To assess sleep onset latency, a question about how long in minutes it took to fall 
asleep was added. A score of more than 30 minutes indicated sleep difficulties (Morin 
& Espie, 2003). 
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Unidimensional and Multidimensional Jet Lag 
Unidimensional jet lag was measured by one item (Question 1, Appendix 16, p.395) of the 
revised Liverpool Jet Lag Questionnaire (Waterhouse et al., 2000) whereas the 
multidimensional measure of jet lag was made up of 14 items (jet lag, fatigue, sleep 
performance (four items), mood/cognitive performance (three items), attitudes to meals (three 
items), bowel consistency and sleepiness after dinner).  Bowel frequency was excluded from 
the scale mean as low and high scores reflected altered bowel frequency (3 = normal) unlike 
the rest of the scale items. A composite mean score was created. High scores indicated a high 
perception of the symptom or negative attitudes after reverse scoring (items: 2.b, d, h; 4.a, b; 
5.a, b; 6.b).  The proportion of participants who were not jet lagged („no‟ = 1 and 2); 
„somewhat‟ jet lagged (3) and jet lagged („yes‟ = 4 and 5) was also calculated for descriptive 
purposes (sum of frequency scores per item under new category divided by 14).  
 
As there are no validated cut-offs for severity of jet lag, for descriptive purposes, the 
following thresholds were used to group multidimensional jet lag scores into three categories: 
i) Not jet lagged:  mean scores =  1 - 2.49 
ii) Somewhat jetlagged: mean scores = 2.50 - 3.49 
iii) Jet lagged: mean scores = 3.50 - 5 
 
The above cut-offs were used to describe the mean fatigue scores for each of the three 
categories of multidimensional jet lag severity (Figure 5.6). 
 
ii) Fatigue 
The Chalder Fatigue Scale (CFQ) was used to measure chronic fatigue (Chalder, Berelowitz 
& Pawlikowska, 1993, see Appendix 16). This scale consists 11 items that measures the 
symptoms of mental and physical fatigue. There are two methods of scoring the 
questionnaire: 
i) „Likert‟ scoring method: 0 = less than usual; 1 = no more than usual; 2 = more than 
usual and 3 = much more than usual with a range from 0 to 33. A total „Likert‟ score 
of 18 or less which represents the mean + 1 SD in a community sample (Cella & 
Chalder, 2010) indicated „normal‟ levels of fatigue (White et al., 2007). However, a 
total score of 29 discriminated between Chronic Fatigue Syndrome sufferers and the 
community sample in 96% of cases and a score of 30 discriminated in 100% of cases 
(Cella & Chalder, 2010). 
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ii) The „binary‟ scoring method: 0 = less than usual, 0 = no more than usual, 1 more 
than usual and 1 = much more than usual with a range from 0 to 1. A total of 4 
indicated „caseness‟ (Cella & Chalder, 2010).  
 
The term „Likert score‟ is used to describe a composite score derived from adding scores for 
each item responded to on a Likert scale. The term „binary score‟ is used to describe a 
composite score derived from adding scores for each item responded to on a binary scale. 
 
There is no translation between the two scoring systems. A „binary‟ score of 4 gives a 
„Likert‟ range of between 8 and 19. As a score of 3 translates to a „Likert‟ score of between 6 
and 17, a score of 18 should always represent a state of „abnormal‟ fatigue when compared 
to a „binary‟ score of 4 or more (a measure of „abnormal‟ fatigue). The implication is that the 
„binary‟ threshold should be higher or the „Likert‟ threshold should be lower. As a result, 
descriptive statistics are shown using the following categorical threshold:  
i. Fatigue caseness: a measure of altered fatigue = „binary‟ score of 4 or more; 
ii. Chronic/clinical fatigue: „Likert‟ scoring of 29 or more. 
 
5.2.4 Procedure 
After the study was approved by the University of Surrey Ethics Committee (Appendix 12) 
„‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟, participants were sent a recruitment email with details on how to take 
part. Participation was voluntary and anonymous. Informed consent and completion of the 
above measures was done online. The online survey contained questions about taking 
melatonin and underlying illnesses that may affect sleep. Participants were unable to continue 
with the survey in case of a „yes‟ answer to both questions and they were offered the option 
to get in touch with the researcher for further information. Prospective participants taking any 
other medication were asked to contact the investigators before deciding to take part as some 
medications may affect sleep performance (see exclusion criteria and Participant Information 
Sheet, Appendices 13 & 14). Demographic data and trip information (before and after data 
collection point) were also collected (Appendices 17 & 18). 
 
The following table illustrates how time data were analysed.  
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Table 5.2 
Formulas and Results for Analysing Time Data 
Desired Result Formula  
Accuracy of time data All time data werevconverted into decimal time by dividing the 
minutes by 60: e.g. 2:45 = 2.75. Excel formula used: (A1 contains 
time in this format: hh:mm)       
=INT(A1)*24+HOUR(A1)+ROUND(MINUTE(A1)/60,2) 
Mean sleep times For time data ranging from before and after midnight, 24 h were 
added to time after midnight to avoid the following problem: Mean 
score of two bed times: (23.00 +1.00 am)/2 = 12.00 h.   The 
correct Mean is (23.00 +25.00)/2 = 24.00 h.  
Time spent in bed Used to calculate sleep efficiency. To calculate the difference 
between bed time and get up time taking into account the change 
in day. Excel formula used: (A1 contains decimal bed time; B1 
contains decimal get up time)  
=MOD(B1-A1,1) 
 
5.3 Results 
5.3.1 Data Analysis 
The data were analysed in the following ways: 
i) To screen the data for normality; 
ii) To assess the reliability of the questionnaires; 
iii) To describe participants‟ profile characteristics (demographic, trip factors and 
morningness-eveningness); 
iv) To describe participants‟ process (work preparations strategies, illness 
perceptions, coping and social support) and outcome variables jet lag 
unidimensional and multidimensional and fatigue („Likert‟ and „binary‟ scores); 
v) To assess the relationship among illness representation components; 
vi) To assess the relationship between profile characteristics, process variables and 
outcome variables using correlations by using Pearson Correlations (r) for 
normally distributed variables and Spearman rank correlation for data that is not 
normally distributed. Graphical representations were used as a means to describe 
the inter-correlations among variables; 
vii) To assess the role of profile characteristics and process variables in predicting 
outcome variables (jet lag unidimensional and multidimensional and fatigue 
(„Likert‟ scores) using correlations for screening followed by multiple regression 
analyses. Both „binary‟ and „Likert‟ scores were normally distributed, however, 
„Likert‟ scores were used in the regression as the data is continuous, shows greater 
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variance  and the distribution of the scores showed a better fit  to normality 
parameters 
 
5.3.2 Data Screening 
Prior to statistical analyses, the data were examined through SPSS Version 21 for accuracy of 
data entry, missing values, outliers and assumptions of normality. The normality of the data 
was assessed by calculating skewness and kurtosis statistics (Appendix 19). The data was 
considered within the limits of a normal distribution if the dividend of the skewness and 
kurtosis statistics and their respective standard errors did not exceed ± 3.29, (p < .001) a 
strategy used for small to moderate samples (< 100, Tabachnick & Fidell, 2007). 
 
Subjective jet lag levels are expected to be low at baseline therefore it may be argued that the 
data is „normally‟, positively skewed (skewness = 1.29, skewness/SE = 5.13, Appendix 19). 
Despite the fact that most process variables were within the above ranges, it was decided that 
non parametric tests would be used to assess the relationship between jet lag and the process 
variables. An outlier (± 3.29 standard deviations from the mean) was found in each of the 
following variables: Behavioural disengagement and denial (Brief Cope), satisfaction with 
social support and illness coherence. After the outlier was removed, only the data for illness 
coherence was within the limits of a normal distribution (Appendix 19). Where appropriate, 
statistical results are reported with and without outlier(s). 
 
5.3.3 Reliability of the Questionnaires 
Internal reliability of the questionnaires was assessed by using Cronbach‟s alpha. The 
psychometric properties of the MEQ (Monringness-Eveningness Questionnaire), the brief 
COPE (coping strategies), IPQ-R (Illness Perceptions Questionnaire revised), SSQ (Social 
Support Questionnaire) and the CFQ (Chalder Fatigue Questionnaire) have been previously 
demonstrated (Thun et al., 2012; Carver et al., 1989; Moss-Morris et al., 2002; Sarason et al., 
1983; Chalder et al., 1993) and in this study SSQ, CFQ, MEQ and IPQ-R (eight subscales) 
and SSQ were found to be reliable (Table 5.3). However, some subscales were below the 
value of acceptance of .70 (Field, 2013). Alpha for the sleep and eating strategies subscale, 
environmental causes dimension, denial, acceptance, venting, self-distraction and active 
coping ranged between .41 and .64. However, Cronbach‟s alpha for the biological causes 
dimension was very low.  
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Table 5.3  
Reliability of Questionnaires used 
 
 
5.3.4 Descriptive Data 
Response Rate 
Of 185 cabin crew who gave consent online, 95 were included in the study. Inspection of 
partially-completed data revealed that of 90 partial-respondents, 44 confirmed they were 
completing the survey on a baseline day as required (Appendices 17 & 18), nine were 
automatically excluded after confirming they took melatonin and had an underlying illness 
Questionnaire
Number of 
items

SSQ (Social Support Q.) 6 .91
CFQ (Chalder Fatigue Q.) 11 .90
MEQ (Morningness-Eveningness Q.) 14 .87
Jet Lag Multidimensional 14 .85
IPQ-R (Illness Perception Q. revised) 38 .81
  Emotional representations 6 .91
  Consequences 6 .90
  Illness coherence 5 .90
  Treatment control 5 .89
  Timeline cyclical 5 .88
  Personal control 6 .87
  Timeline 6 .86
  Psycho-behavioural causes 8 .85
  Environmental causes 4 .56
  Biological causes 4 .11
BriefCOPE 28 .74
  Substance use 2 .93
  Humour  2 .87
  Use of instrumental support 2 .85
  Religion 2 .85
  Use of emotional support 2 .83
  Self-blame 2 .82
  Positive reframing 2 .77
  Behavioural disengagement 2 .73
  Planning 2 .69
  Denial 2 .64
  Acceptance 2 .63
  Venting 2 .61
  Self-distraction 2 .53
  Active coping 2 .41
  Sleep preparation strategies 9 .55
  Eating preparation strategies 5 .45
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(see exclusion criteria).  27 partial-respondents completed demographic data such as age, 
gender, marital status, number of children, service length, onboard role and contact type and 
only four non-respondents completed the data related to process variables but no data related 
to outcome variables. When compared, respondents (N = 95) and partial-respondents (N = 27) 
appeared similar with respect to marital status, nationality, number of children and onboard 
role (Table 5.4). However, differences by age, gender, type of contract and length of service 
were observed indicating that partial-respondents were younger, more likely to be male, full 
time and with less flying experience when compared to respondents. Of 95 participants who 
completed profile and process variable data, 92 completed the revised jet lag questionnaire 
and 79 also completed the Chalder Fatigue Scale (Figure 5.1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
95 participants with 
profile characteristics and 
process variables 
92 participants = revised Jet 
Lag Questionnaire (except 
sleep latency data:  Q. 2a, n = 
76) 
79 participants = Chalder 
Fatigue Questionnaire 
76 participants = Chalder 
Fatigue Questionnaire and Jet 
Lag Questionnaire 
Outcome 
measures 
Figure 5.1. Number of participants selected for analysis. 
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Table 5.4 
Distribution of Characteristics in Respondents and Partial-Respondents 
 
 
Demographics 
The characteristics of the sample are presented in Table 5.5. From here it is evident that the 
majority of the cabin crew were females (75.8%) who live with a partner and have no 
children. The sample‟s average age was 41.35 years.  38.9% of cabin crew were of 
supervisory status and had been working as crew members, part time (53.7%) for an average 
of 14.8 years. Most of the sample (49%) did not show a preference for morningness or 
eveningness and were classified as „neither types‟ followed by „morning types‟ (29.5%) and 
„evening types‟ (18.9%).   Finally, the majority of the crew (51%) found travelling to the 
south easier in terms of the experience of fewer jet lag symptoms followed by preference for 
westward travel (27.4%) and eastward travel (19%). 
 
 
t /χ
2 df p
Age M  = 41.35 M   = 35.32 t =  -3.12 120 .001
SD = 9.35 SD = 8.87
Gender χ
2 
= 8.23 1 .001
  Male n  = 23     (24.20%) n  = 15      (55.60%)
  Female n  = 72     (75.80%) n  = 12      (44.40%)
Nationality χ
2 
= 0.01 1 1.00
  UK n  = 73     (76.80%) n  = 21       (77.80%)
  Other n  = 22     (23.20%)    n  =   6        (22.20%)
Marital status χ
2 
= 1.74 1 .19
  Live alone  n  = 37   (71.20%) n  = 15       (55.60%)
  Live with partner/spouse n  = 58    (61.10%) n  = 12       (44.40%)
Children χ
2 
= 3.60 1 .06
  No n  = 62     (65.30%) n  = 22       (81.50%)
  Yes n  = 33    (34.70%)  n  =  4      (14.80%)
Role χ
2 
= 1.03 1 .31
  Cabin crew n  = 58   (61.10%) n  = 20       (74.10%)
  Supervisory n  = 37     (38.90%)  n  =  7        (25.90%)
Type of Contract χ
2 
= 9.10 1 .001
  Part-time n  = 51    (53.70%)    n  =  5        (18.50%)
  Full-time n  = 44     (46.30%) n  = 22       (81.50%)
Length of service M   = 14.80 M   = 8.23 t =  -3.48 120 .001
SD   = 8.74 SD   = 8.35
Respondents
(N = 95)
Partial-respondents
(N = 27)
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Table 5.5 
Demographic Characteristics of the Participants (N = 95) 
 
 
 
Table 5.6 illustrates the trip characteristics of the sample. Including their baseline day, the 
majority of the crew (38%) had a rest period of three to four days before their next outbound 
flight which had an average report time of 13.01 decimal hours. The average time change for 
 
n % M SD Range
Age 41.35 9.35 20 - 60
Gender
Female 72 75.8
Male 23 24.2
Nationality
UK 73 76.8
Other 22 23.2
Marital status
Live alone  37 38.9
Live with partner/spouse 58 61.1
Children
No 62 65.3 0 - 4
Yes 33 34.7
Role
Main Crew 58 61.1
Supervisory 37 38.9
Type of contract
Part-time 51 53.7
   Full-time 44 46.3
Length of service (years) 14.8 8.73 0.6 - 40
Chronotype 52.41 11.2 32 - 78
Definitely Morning Type  7 7.4
Moderately Morning Type  21 22.1
Neither Type 49 51.6
Moderately Evening Type 18 18.9
Definitely Evening Type  0
Smoke
No 82 86.3
Yes 13 13.7
Easier flying
South - Africa 51 53.7
West – East Coast USA 24 25.3
West – West Coast USA 2 2.1
East – Middle East 15 15.8
East – Far East 3 3.2
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the scheduled trip was -3 hours consistent with westward travel and 82% of the sample 
carried out the study during the winter (November – March). 
 
Table 5.6 
Trip Characteristics (N = 95) 
      
 n % M SD Range 
      
No. of days off before trip      
0 4 4.2   0 - 54 
1 - 2 33 34.7    
3 - 4 38 40    
5 - 11 14 14.7    
12 - 30 3 3.2    
31 - 54 3 3.2    
Report time   13.01 3.64 6.58 - 20.58 
Time change   -3.00 5.84 -8 - +11 
Season      
Winter 82 86.3    
Summer 13 13.7    
      
Note. Time shown as decimal hour. 
 
Process Variables 
i) Work Preparation Strategies. The distribution and mean scores for flying preparation 
strategies are illustrated in Table 5.7. This shows that there is great variation in the use of 
sleep and eating strategies. On average, crew used sleep strategies more frequently than they 
did eating strategies (51% and 36%, respectively). 
 
Inspection of the individual sleep and eating strategies (Appendix 20) also revealed that the 
frequency of use varied considerably across each strategy. In preparation for sleep the night 
before a flight, the most frequently used strategies were „avoiding using sleeping pills‟ 
(88.4%), „avoiding alcohol as a sleeping aid‟ (77.9%) and „having a quiet bedroom‟ (76.8%).  
The least frequently used strategy was „ensuring the bedroom was dark‟(14.7%).  Only 41.1% 
„ensured their bedroom was cool‟ before bed. 
 
In preparation for a night-flight, the majority of the participants (85.3%) reported napping 
before an outbound night-flight compared to 14.7% before a homeward night-flight. 
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Finally, in terms of staying on home time, on layovers of 48 hours or less and a time change 
of three hours or less a relatively large proportion of participants (51.6%) reported staying on 
home time. Only 29.5% stayed on home time on layovers of 48 hours or more and a time 
change of four hours or more. 
 
Regarding eating strategies, a relatively large proportion of participants (45%) reported 
having three balanced meals a day and 61% reported avoiding caffeine four hours before bed 
and 47% reported avoiding eating less than an hour before bed. In comparison, eating at 
regular meal times was lower in frequency (34.7%) and only 2.1% reported interrupting sleep 
to eat at regular times. 
 
Table 5.7 
Descriptive Statistics for Work Preparation Strategies (N = 95) 
        Process Variable n No Some- Yes M SD Range 
 
% 
 
what 
    
        Sleep strategies  n = 29 15 51 3.37 0.57 1.78 – 4.67 
 
% = 30.5 15.8 53.7 
   Eating strategies  n = 42 17 36 2.84 0.67 1.20 - 4 
 
% = 46.3 17.9 37.8 
   
        
 
ii) Illness Cognitions. The descriptive results for each subscale of dimensions of illness 
perceptions are presented in Table 5.8 whereas the means and standard deviations for each 
subscale‟s items are contained in Appendix 21 (Tables 1 to 11). Mean scores for illness 
cognitions ranged between 2.39 (SD = 0.94) and 3.84 (SD = 0.74). In general, cabin crew in 
this study showed strong beliefs about the identity of jet lag (82.1%). Symptoms experienced 
as part of jet lag such as sleep difficulties and negative mood were reported markedly more 
frequently (range between 78.9% and 89.5%) than stomach/bowel issues (range between 
54.7% and 60%). A relative majority of the sample did not experience symptoms such as 
constipation, headaches and low appetite. Whilst most crew regarded jet lag as having a 
cyclical time course (53.7%), the majority of the sample considered the condition as 
temporary (46.3%) with minor consequences (48.4%) and with little emotional impact 
(61.1%). Most participants believed jet lag to be controlled by self-care (58.9%) and 
treatment (52.6%). Overall, they showed positive beliefs about understanding of the condition 
(75.8%). 
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Table 5.8 
Descriptive Statistics for the Illness Cognitions Subscale of the IPQ-R (N = 95) 
 
aHigher scores suggest a more optimistic perception. 
bHigher scores suggest a more pessimistic perception 
 
Table 5.9 shows the descriptive results for factors that may cause jet lag grouped in three 
subscales: psycho-behavioural causes, biological causes and environmental causes as well as 
the means and standard deviations for each subscale.  Participants showed strong beliefs for 
all three causes of jet lag. Beliefs about biological causes were marginally stronger than 
environmental and psycho-behavioural causes: 61.1%, 56.8 % and 55.8% respectively. 
When inspecting individual factors (Appendix 21), „unadjusted body clock‟ as a perceived 
causal factor for jet lag was the strongest belief (93.7%). For environmental causes, 
„overwork‟ was the strongest belief (85.3%) whilst for psycho-behavioural causes,  „diet and 
eating habits‟ was the most frequently reported causal factor for jet lag. 
 
 
 
 
 
Illness cognition dimension n No Neither Yes M SD Range
%
Identity (0-17) n  = 17 78 12.1 3.43 4 - 17
% = 17.9 82.1
Illness coherence
a
 (1-5) n  = 9 14 72 3.84 0.74 1 - 4.67
% = 9.5 14.7 75.8
Personal control
a
 (1-5) n  = 19 20 56 3.45 0.75 1 - 5
% = 20 21.1 58.9
Treatment control
a
 (1-5) n  = 23 22 50 3.31 0.8 1 - 5
% = 24.2 23.2 52.6
Timeline cyclical
b
 (1-5) n  = 30 14 51 3.23 0.92 1 - 4.67
% = 31.6 14.7 53.7
Timeline (acute/chronic)
b
 (1-5) n  = 44 18 33 2.81 0.96 1 - 5
% = 46.3 18.9 34.7
Consequences
b
 (1-5) n  = 46 16 30 2.72 0.95 1 - 5
% = 48.4 16.8 31.6
Emotional representations
b
 (1-5) n  = 58 17 20 2.39 0.94 1 - 4.67
% = 61.1 17.9 21.1
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Table 5.9 
Descriptive Statistics for Causal Factors Subscale of the IPQ-R (N = 95) 
 
 
The rank-order of perceived personal causes of jet lag is reported in Table 5.10 and the causal 
statements are contained in Appendix 22. Psycho-behavioural factors were reported more 
frequently (44.2%), followed by environmental (33.7%) and biological factors (22.1%). This 
pattern of distribution was noted for the second most important and third most important 
perceived causes (see Table 5.10). Psycho-behavioural factors were reported more frequently 
as the rank-order decreased: 49.5% and 64.2% whereas biological factors were weaker as the 
rank-order decreased: 10.5% and 8.4%. 
 
Table 5.10 
Rank-Order of Personal Causal Statements for Jet Lag (IPQ-R) (N = 95) 
 
 
iii) Coping. Descriptive statistics for the problem- and emotion-focused subscales are 
included in Table 5.11. Mean scores for coping strategies ranged between 1.39 (SD = 0.57) 
and 3.27 (SD = 0.66). With higher mean scores, problem-focused measures were used more 
frequently than emotion-focused strategies. The most used problem-focused coping strategies 
IPQ-R Causal factors n No Neither Yes M SD Range
%
Environmental causes n  = 15 26 54 3.51 0.6 2 - 5
% = 15.8 27.4 56.8
Biological causes n  = 24 13 58 3.42 0.46 2.25 - 4.50
% = 26.4 13.7 61.1
Psycho-behavioural causes n  = 24 18 53 3.29 0.75 1.11 - 4.56
% = 26.4 18.9 55.8
Order of importance n First Second Third
%
First Psycho-behavioural Environmental Biological
n  = 42 32 21
% = 44.2 33.7 22.1
Second Psycho-behavioural Environmental Biological
n  = 47 38 10
% = 49.5 40 10.5
Third Psycho-behavioural Environmental Biological
n  = 61 26 8
% = 64.2 8.4 27.4
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included planning (85.3%) and active coping (81.1%) whereas the most used approach 
oriented emotion-focused coping strategies were acceptance (78.9%), and positive reframing 
(66.3%). The least preferred strategy was turning to religion with 60% of the sample 
reporting no use at all. Overall, avoidant oriented emotion-focused strategies were the least 
favoured ranging between 6.3% and 61% of frequency.  
 
Table 5.11 
Descriptive Statistics for the Brief COPE (N = 95) 
 
  
       
 
Process variable n (%) No Somewhat Yes M SD Range 
 
  
       
 
Coping Strategies 
       
Problem-focused coping 
       
 
Planning n = 1 13 81 3.26 0.64 1 - 4 
  
% = 1.1 13.7 85.3 
   
 
Active coping n = 2 16 77 3.27 0.66 1 - 4 
 
 
% = 2.1 16.8 81.1 
   
 
Instrumental support n = 7 33 55 2.79 0.87 1 - 4 
 
 
% = 7.4 34.7 57.9 
   
Emotion-focused coping 
       
(Approach) Acceptance n = 4 13 75 3.12 0.7 1 - 4 
 
 
% = 4.2 13.7 78.9 
   
 
Positive reframing n = 8 24 63 2.92 0.85 1 - 4 
 
 
% = 8.42 25.3 66.3 
   
 
Emotional support n = 8 37 50 2.74 0.89 1 - 4 
 
 
% = 8.42 38.9 52.6 
   
 
Humour n = 15 26 54 2.64 0.94 1 - 4 
 
 
% = 15.8 27.4 56.8 
   
 
Venting of emotions n = 22 37 36 2.27 0.81 1 - 4 
 
 
% = 23.2 38.9 37.9 
   
 
Religion n = 60 19 16 1.59 0.84 1 - 4 
 
 
% = 63.2 20 16.8 
   
(Avoidance) Self-distraction n = 11 26 58 2.71 0.82 1 - 4 
  
% = 11.6 27.4 61 
   
 
Self-blame n = 15 34 46 2.53 0.92 1 - 4 
 
 
% = 15.8 35.8 48.4 
   
 
Denial n = 68 15 12 1.45 0.68 1 - 4 
 
 
% = 71.6 15.8 12.6 
   
 
Substance use n = 64 26 6 1.4 0.62 1 - 4 
 
 
% = 67.4 27.4 6.3 
   
 
Behavioural  n = 66 23 6 1.39 0.57 1 - 3.50 
 
disengagement % = 69.5 24.2 6.3 
   
 
iv) Social Support. Descriptive statistics for perceived social support are presented in Table 
5.12. On average, participants were satisfied with the support provided (92.6%) with the 
majority of the sample (67.4%) identifying between one and four supportive others. 
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Table 5.12 
Descriptive Statistics for the SSQS and SSQN (N = 95) 
 
 
Outcome Variables 
i) Jet Lag. As shown in Table 5.13, at baseline, the mean score for jet lag (unidimensional) 
was 1.75 (SD  = 1.12). The majority of the sample (76.1%) reported no jet lag the day before 
the flight. However, when multiple dimensions of jet lag were taken to include sleep, fatigue, 
attitudes to main meals, mood/cognitive performance, bowel consistency and sleepiness after 
dinner, the proportion of crew who were not jet lagged was lower (58.7%) than for the 
unidimensional measure indicating that overall crew felt more jet lagged (41.3% for 
„somewhat‟ and „yes‟ answers) on the day before a long-haul flight when different symptoms 
of jet lag were taken into consideration.   
 
Table 5.13 
Descriptive Statistics for Subjective Jet Lag (N = 92)   
 
 
Moreover, the sleep performance data (Table 5.14) revealed „normal‟ sleep parameters (e.g. 
bed/get up times) for the majority of the sample (for sleep ending the day before the flight). 
However, individual differences in sleep needs were noted (e.g. range of bed/get up times, 
time spent in bed and hours slept).  When sleep latency and sleep efficiency were calculated 
to describe sleep performance (controls for individual differences in sleep needs), the results 
showed that on average sleep was defined as „good‟. Similarly, on average participants 
Perceived social support n Some Some
% No what 
dissatisfied
what 
satisfied
Yes M SD Range
Satisfaction with support n  = 2 1 4 88 5.46 0.74 1 - 6
% = 2.1 1.1 4.2 92.6
Number of supportive people 0 < 4 4 - 9
n  = 2 64 29 3.41 1.73 0 - 8
% = 2.1 67.4 30.5
n No Some Yes M SD Range
% what 
Jet lag     n  = 70 12 10 1.75 1.12 1 - 5
unidimensional % = 76.1 13 10.9
Jet lag     n = 54 18 20 2.39 0.71 1.07 - 5
multidimensional % = 58.7 19.6 21.7N  = 92
Outcome variable
N  = 92
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reported no sleep difficulties (difficulty initiating sleep, poor sleep quality, difficulty 
maintaining sleep and poor alertness 30 minutes after rising) (Table 5.14), had positive 
attitudes towards main meals, mood, were sleepy after dinner and had normal bowel function 
(consistency) (Table 5.15).  
 
Table 5.14   
Descriptive Statistics for Sleep Performance Ending on the Day Before a Flight. Frequency 
of ‘Good Sleep’ Defined as: Sleep Efficiency (SE) = ≥ 85% (N = 92) and Sleep Onset 
Latency (SOL) = ≤ 30 (N = 74) 
 
Note. Time shown as decimal hour.  
a
2 outliers removed: SOL of 120 and 240 minutes (M = 24.38, SD = 32.90, N = 76). 
b
Composite measure of four items in subjective sleep performance: difficulty initiating sleep, poor sleep quality, 
difficulty maintaining sleep (number of awakenings) and disruption of sleep wake-cycle (poor alertness 30 
minutes after rising) after appropriate reverse scoring. 
 
Table 5.15   
Descriptive Statistics for the Jet Lag Scale Subcomponents on the Day Before the Flight (N = 
92) 
        Jet Lag scale subcomponent n No Somewhat Yes M SD Range 
 
% 
      
Fatigue n = 59 19 14 2.24 1.23 1 - 5 
 
% = 62.1 20 14.7      
Negative attitudes to  meal n = 63 20 9 2.57 0.89 1 – 4.67 
 
% = 68.5 21.7 7.6 
   
Negative mood n = 65 20 7 2.27 0.98 1 - 5 
 
% = 70.7 21.7 7.6 
   
Abnormal bowel consistency  n = 19 28 45 3.5 1.25 1 - 5 
  % = 20.7 30.4 48.9      
Sleepiness after dinner n = 32 20 40 3.07 1.26 1 - 5 
 
% = 34.8 21.7 43.5 
   
        
 
Sleep performance n M SD Range
Bed time 92 23.63 1.55 20.50 - 3.25
Get up time 92 8.17 1.55 4.50 - 12.00
Time spent in bed 92 8.54 1.42 5.85 - 12.75
Hours slept (hrs) 92 7.34 1.2 4.00 - 11.00
Good Bad
SOL           (N = 74) n  = 63 11 20.18 18.21 0 - 90
a
% = 85.1 14.9
SE %         (N = 92) n  = 58 34 86.68 11.11 52.86 - 100
% = 63 37
Sleep difficulties
b
No Somewhat Yes
                  (N = 92) n  = 56 17 19 2.35 0.89 1 - 5
% = 60.9 18.5 20.6
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ii) Fatigue (CFQ, ‘binary’ scoring method). For fatigue (Table 5.16) the mean „binary‟ 
score was 4.57 (SD = 3.83), indicating that on average crew reported substantial levels of 
fatigue (four or more factors giving problems) on the day before a flight. It was found that 
there were marginally more fatigue cases (53.2%) who reported substantial fatigue than non-
cases (less than four factors). Moreover, six participants (7.6%) recorded the maximum score 
of 11 using the „binary‟ method. However, an independent-samples t-test was conducted to 
evaluate whether the mean „binary‟ score for cases and non cases was statistically different. 
The results showed that fatigue scores were significantly higher for fatigue cases (M = 7.60, 
SD = 2.53) than for non-cases (M = 1.14, SD = 1.27), t(77) = - 14.05, p < .001.  
 
iii) Fatigue (CFQ, ‘Likert’ scoring method). Using the „Likert‟ method, the mean score 
was 16.04 (SD = 5.12) and only one participant (1.3%) reported chronic levels of fatigue with 
a score of  29, a criterion used to discriminate clinically relevant fatigue from non clinically 
relevant fatigue (Cella & Chalder, 2010). 
 
Table 5.16 
Descriptive Statistics for Fatigue Caseness (‘Binary’ scores: 4 or More) and Chronicity 
(‘Likert’ Scores: 29 or More) N = 79. Fatigue in the Past Month was Measured on the Day 
Before a Flight  
        Fatigue  
 
Non-cases Cases 
 
M SD Range 
        Factors giving problems 
 
0 – 3 ≥4  
    
„Binary‟ method n = 37 42 
 
4.57 3.83 0 – 11 
 (0 - 11) % = 46.8 53.2 
    
        „Likert‟ method 
 
„Normal‟ „Abnormal‟ Chronic 
   
 (0 - 33) 
 
0-18 19-28  29 
   
 
n = 57 21 1 16.04 5.12 5 – 29 
 
% = 72.2 26.5 1.3 
   
         
Inspection of Table 5.16 also revealed a discrepancy between the two scoring methods in 
relation „normal‟ levels of fatigue: 72.2% under „Likert‟ scoring and 46.8% under „binary‟ 
scoring (a score of 18 or less used to measure positive outcome by White et al., 2007, see 
Section 5.2.3). Nevertheless, using the validated cut-offs for caseness (binary) and chronicity 
(Likert), Figure 5.2 shows that although crew on average showed substantial levels of fatigue, 
these were not considered chronic.  Figures 5.3 and 5.4 show the individual fatigue „Likert‟ 
and „binary‟ scores according to jet lag scores grouped into three categories („no‟, 
„somewhat‟, „yes‟) presented in Table 5.13. Figures 5.5 and 5.6 show the individual fatigue 
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„Likert‟ and „binary‟ scores according to jet lag composite scores grouped into three 
categories („no‟:1 - 2.49, „somewhat‟: 2.50 - 3.49, „yes‟: 3.50 - 5). Overall, the graphs show 
that fatigue increased as jet lag increased. In addition, crew in the „somewhat‟ and „jet 
lagged‟ categories experienced substantial levels of fatigue under „binary‟ scoring (score of 4 
or more) but did not experience chronic fatigue („Likert‟ score of 29 or more). Finally, 
Figures 5.3 to 5.6 show some individual variability of fatigue scores within each grouping. 
Variability is particularly pronounced for the „binary‟ scoring method.  
 
Figure 5.2. Graph linking the „binary‟ scoring system to the „Likert‟ scoring with the cut offs 
for Fatigue caseness (4 or more, „binary‟ score) and specificity (29 or more, „Likert score‟).  
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Figure 5.3. Fatigue „Likert‟ scores according to unidimensional jet lag scores grouped into 
three categories  („no‟, „somewhat‟, „yes‟) and reference line for the subgroup mean, N = 76. 
Each dot represents a single score.  
 
Figure 5.4.  Fatigue „binary‟ scores according to unidimensional jet lag scores grouped into 
three categories („no‟, „somewhat‟, „yes‟) and reference line for the subgroup mean, N = 76. 
Each dot represents a single score.  
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Figure 5.5. Fatigue „Likert‟ scores according to multidimensional jet lag scores grouped into 
three categories (1 - 2.49, 2.50 - 3.49, 3.50 - 5) and reference line for the subgroup mean, N = 
76. Each dot represents a single score.  
 
Figure 5.6. Fatigue „binary‟ scores according to multidimensional jet lag scores grouped into 
three categories (1 - 2.49, 2.50 - 3.49, 3.50 - 5) and reference line for the subgroup mean, N = 
76. Each dot represents a single score. 
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5.3.5 Correlations Between Illness Representations  
As shown, in the correlation matrix (Table 4, Appendix 23), there were moderate to large 
inter-correlations among illness representations. Identity was strongly but positively 
correlated with beliefs about the chronicity, serious consequences and emotional impact of jet 
lag. On the other hand, perceived controllability (personal/treatment) was strongly but 
negatively correlated with beliefs about the chronicity and seriousness of the condition and 
emotional representations of jet lag. The strongest correlations were among timeline and 
consequences and timeline and emotional representations indicating the relationship between 
the chronicity of jet lag and negative consequences on emotions and wellbeing. Interestingly, 
beliefs about the biological causes of jet lag were related to identity. Psycho-behavioural 
causes correlated positively with perceived controllability (personal/treatment), while 
environmental causes related positively with identity, time line and consequences. Overall, 
perceived causes of jet lag were moderately correlated with each other. Finally, greater 
understanding of jet lag was negatively related with the chronicity, consequences and 
emotional impact of jet lag but positively related to perceived controllability. However, no 
relationships were found between illness coherence and perceived jet lag causes.   
 
5.3.6 Correlations Between Illness Representations, Morningness-Eveningness, Coping 
and Social support  
An examination of the correlation matrix (see Table 1, Appendix 23), indicated that  illness 
representations such as identity, timeline, time cyclical, consequences and emotional 
representations were negatively correlated with problem-focused coping  (e.g. planning and 
active coping) and approach oriented emotion-focused coping (acceptance and positive 
reframing) whilst they were positively correlated with avoidant oriented emotion-focused 
coping styles (self blame, denial, behavioural disengagement and self distraction). On the 
other hand, illness coherence was positively correlated with approach oriented emotion-
focused coping (e.g. acceptance and positive reframing) but it was negatively correlated with 
avoidant oriented emotion-focused coping styles (behavioural disengagement, self blame and 
substance use). Morningness was associated with the belief about the temporary nature of jet 
lag (r = -.32, p < .01), with minor consequences (r = -.26, p < .05) and the experience of 
fewer jet lag symptoms (identity: r = -.23, p < .05). On the other hand, morningness was 
associated with higher perceived social support (n = 91, rs = -.24, p < .05) and more frequent 
use of eating strategies (r = .22, p < .05).  
 
  
185 
 
5.3.7 Correlations Between Profile Variables, Subjective Jet Lag and Fatigue 
In order to explore relations between demographic, trip variables, jet lag and fatigue, a 
correlation matrix was generated (Tables 1 - 3, Appendix 23). The results showed that among 
the demographic factors, only morningness-eveningness was negatively correlated with jet 
lag as a unidimensional measure and as a composite measure (rs = -.24, p <.05 and r = -.31, p 
< 0.01, respectively), indicating that morningness was associated with decreased levels of 
subjective jet lag. There was a trend towards significance for morningness and fatigue (rs = -
.20, p = .08). For 69 participants, information about the trip before was collected. The time 
change was calculated (direction and size) and seven cases were excluded for having seven or 
more days off before the present study (effect of time change is negligible). The results 
showed no relationship between time change and jet lag and fatigue (Table 3, Appendix 23). 
None of the other trip variables correlated significantly with either jet lag or fatigue.   
 
5.3.8 Correlations Between Process Variables, Subjective Jet Lag (Unidimensional and 
Multidimensional) and Fatigue 
i) Jet Lag. In order to explore relations between the process variables jet lag and fatigue, a 
correlation matrix was generated (Tables 4 – 6, Appendix 23). The results (Table 5.17) 
showed that subjective jet lag was negatively correlated with perceived social support, 
indicating that increased satisfaction with social support was associated with decreased levels 
of jet lag.  
 
Table 5.17 
Descriptive Statistics and Significant Correlations Between Process Variables and Jet Lag 
(Unidimensional) 
Variable N M SD Jet lag uni. 
Jet lag unidimensional 92 1.75 1.12 - 
Consequences 92 2.72 0.96 rs=  .51** 
Timeline 92 2.83 0.97 rs=  .50** 
Emotional representations 92 2.40 0.95 rs=  .39** 
Environmental causes 92 3.50 0.61 rs= .34** 
Personal control 92 3.44 0.75 rs= -.27* 
Identity 92 12.10 3.42 rs=  .27* 
Treatment control 92 3.29 0.81 rs= -.26* 
Illness coherence 91
a 
3.86 0.68 rs= -.26* 
Humour 92 2.65 0.93 rs=  .25* 
M-E 92 52.36 11.27 rs= -.24* 
SSQS 91
b 
5.45 0.75 rs= -.22* 
     
a 
Statistical results with outlier: Illness coherence (n = 92): rs = -.28*. 
b
Statistical results with  outlier: SSQS  
(N = 92): rs = -.23*. *p <.05 (2-tailed). ** p < .01 level (2-tailed). 
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The effect size was larger for the multidimensional measure of jet lag (Table 5.18). In 
addition, the unidimensional measure of jet lag was positively correlated with only one of the 
problem-focused coping strategies: humour (rs = .25, p < .05), with high levels of jet lag 
associated with frequent use of humour. Small to medium size correlations were observed 
between the seven illness cognitions dimensions and jet lag. Strongly held beliefs about the 
emotional impact, environmental factors and the number of symptoms attributed to the 
condition were associated with higher levels of jet lag. On the contrary, positive beliefs about 
personal and treatment control and a greater understanding of the condition were related to 
lower levels of jet lag. However, the largest correlations were between perceived 
consequences and jet lag as unidimensional and multidimensional measure (respectively rs = 
.51, p < .01 and r = .47 p < .01) and timeline (rs = .50, p < .01 and r = .41, p < .01). This 
indicated that greater perceived negative consequences and stronger beliefs about the 
chronicity of the condition were strongly related to increased levels of subjective jet lag.  
 
Table 5.18 
Descriptive Statistics and Significant Correlations Between Process Variables and Jet Lag 
(Multidimensional) 
     
Variable N M SD Jet lag m. 
     
Jet lag multidimensional  92 2.39 0.71 - 
Consequences 92 2.72 0.96 r =  .47** 
Timeline 92 2.83 0.97 r =  .41** 
Identity 92 12.10 3.42 r =  .36** 
SSQS 91
a 
5.50 0.59 rs = -.35** 
M-E 92 52.36 11.27 r = -.31** 
Emotional representations 92 2.40 0.95 r =  .27* 
SSQN 92 3.45 1.71 r = -.26* 
Illness coherence 91
b 
3.86 0.68 r = -.26* 
Environmental causes 92 3.50 0.61 r = .26* 
Treatment control 92 3.29 0.81 r = -.25* 
Personal control 92 3.44 0.75 r = -.25* 
     a   
Statistical results with outlier: SSQS and jet lag multidimensional (N = 92):  rs = -.38**(M = 5.45, SD = .75) 
b
 Statistical results with outlier: Illness coherence and jet lag multidimensional (N = 92): r = -.34** (M = 3.8,  
SD = .74). *p <.05 (2-tailed). ** p < .01 level (2-tailed). 
 
ii) Fatigue (‘Likert’ scoring). In order to explore relations between process variables and 
fatigue, a correlation matrix was generated (Table 5, Appendix 23). Table 5.19 shows that, as 
for jet lag, reported increased fatigue was mostly related to illness cognitions. Severe fatigue 
was moderately associated with pessimistic beliefs about identity, the cyclical nature of jet 
lag symptoms and the emotional response to the condition. On the other hand, better 
understanding of jet lag and beliefs about the controllability of the condition by treatment 
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were associated with decreased levels of fatigue. Positive reframing was the only problem-
focused coping strategy related to decreased fatigue. As for jet lag, high levels of fatigue 
were positively correlated with consequences and timeline, indicating that pessimistic 
perceptions about the influence and long-term duration of jet lag were strongly related with 
severe fatigue. Finally, a trend towards significance was found between the use of sleep 
strategies and higher fatigue levels (r = .22, p = .054). 
 
Table 5.19 
Descriptive Statistics and Significant Correlations (Pearson’s) Between Process Variables 
and Fatigue (CFQ, ‘Likert’ Scoring) 
a   
Statistical results with outlier: Illness coherence and CFQ,  (N =79):  r = - .30**. *p < .05 (2-tailed).  
** p < .01 level (2-tailed). 
 
5.3.9 The Relationship Between Morningness-Eveningness, Sleep (Ending the day 
Before the Flight), and Jet Lag (Unidimensional) 
Table 5.20 shows that morningness was associated with earlier bed and rise times, which is 
consistent with this profile‟s characteristics. Morningness was also associated with decreased 
sleep performance and decreased jet lag levels. Decreased sleep performance was strongly 
correlated with jet lag.  Later bed time and earlier get up time were correlated with decreased 
sleep duration which was also associated with increased jet lag. However, later bed time was 
correlated with increased sleep efficiency.  
 
 
 
 
 
 
 
     
Variable N M SD CFQ 
     
Chalder Fatigue Scale (CFQ) 79 16.03 5.12 - 
Consequences 79 2.74 1.00 r=  .51** 
Timeline 79 2.82 0.97 r=  .48** 
Identity 79 11.92 3.37 r=  .38** 
Illness coherence 78
a 
3.88 0.71 r= -.36** 
Emotional representations 79 2.43 0.98 r=  .35** 
Time cyclical 79 3.24 0.96 r=  .34** 
Positive reframing 79 2.89 0.85 r= -.27* 
Treatment control 79 3.30 0.58 r= -.24* 
Sleep strategies 79 3.36 0.58            r= -.22 
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Table 5.20 
Spearman Correlations Between Mornigness-Eveningness, Sleep and Jet Lag (N = 92) 
 
Note. Time shown as decimal hour. *p <.05 (2-tailed). ** p < .01 level (2-tailed). 
 
 
Figures 5.7 to 5.9 summarise the patterns of correlations between, profile (e.g. circadian 
preference), process (e.g. illness cognitions, social support and coping) and outcome 
variables (jet lag, unidimesional and  multidimensional).    
 
 
 
 
                                   
Variables M SD Range 1 2 3 4 5 6 7 8 9
1 MEQ 52.36 11.27 32-78 1
2 Sleep strategies 3.35 0.57 1.78-4.67 -.09 1
3 Bed time 23.63 1.55 20.50-3.25 -.44
**
.14 1
4 Get up time 8.17 1.55 4.05-12.00 -.35
**
.04 .58
**
1
5 Time spent in bed 8.54 1.42 5.85-12.75 .05 -.06 -.41
**
.41
**
1
6 Hours slept 7.34 1.20 4.00-11.00 .13 .09 -.22
*
.36
**
.67
**
1
7 Sleep efficiency 86.67 11.11 52.86-100 .07 .19 .28
**
-.07 -.45
**
.29
**
1
8 Sleep difficulties 2.35 0.89 1 - 5 -.27
**
-.09 -.02 -.06 .01 -.37
**
-.46
**
1
9 Jet lag 1.75 1.12 1 - 5 -.24
*
.09 .09 .08 .02 -.23
*
-.26
*
.50
**
1
  
 
 
 
 
 
Figure 5.7. The pattern of relationships (Spearman‟s rho) among process variables and perceived jet lag (unidimensional, N = 92). 
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Figure 5.8. The pattern of relationships (Pearson‟s r) among process variables and perceived jet lag (multidimensional, N = 92). 
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Figure 5.9. The pattern of relationships (Pearson‟s r) among process variables and perceived fatigue („Likert‟ scoring, CFQ, N = 79). 
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5.3.10 Predicting Jet Lag and Fatigue (CFQ) 
To assess the role of profile and process variables in predicting jet lag and fatigue outcome 
variables, correlations for screening were used followed by multiple regression analyses. The 
criteria for selecting variables were: 
i) Variables with a coefficient > 0.30; 
ii) Variables entered according to sample size: at least 15 subjects per each regressor 
(Stevens, 1996). 
This resulted in four variables being chosen for predicting jet lag (N = 92) and three for 
fatigue due to the smaller sample (N = 79). The variables entered in the multiple regression 
analyses are shown in bold in Tables 5.21, 5.22 and 5.23.  
 
Checking the Assumptions of Multiple Regression 
i) Multicollinearity. In the present study multicollinearity was not a problem for any of the 
regression analyses carried out as none of the process variables were highly correlated (e.g. 
above .80), the variance inflation factors (VIFs) were smaller than 10 and tolerance values 
were greater than .10 (Tabachnick & Fidell, 2007). In addition, there were no cases with 
Cook‟s distance values larger than 1 indicating that no case had undue influence on the 
results. 
 
ii) Outliers. An outlier was found in the process variable of perceived social support (Tables 
15 and 16). This was confirmed by the diagnostic tests and graphs of the initial regression 
analysis (case with standard residuals greater than 3 or less than -3 and Mahalanobis distance 
values greater than χ2 (4) = 18.47  (Tabachnick & Fidell, 2007). As a result, the outlier was 
removed and the multiple regression for jet lag (multidimensional) was carried out with 91 
participants.   
 
iii) Linearity and Homoscedasticity. This assumption was checked by inspecting the 
scatterplots of standardised residuals. For jet lag as unidimensional measure, the standardised 
residuals were not randomly distributed suggesting this assumption was violated (Figure 3, 
Appendix 24). Also, the normal probability plot and residuals‟ histogram (Figures 1 and 2) 
indicated some deviation from normality. Logarithmic transformation of jet lag was carried 
out to reduce positive skewness. However, the diagnostic graphs of multiple regression with 
the transformed dependent variable still showed some assumption violations (Figures 4 – 6, 
Appendix 24). Instead, bootstrapping was used to address potential bias and invalidating 
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significance tests. This method was chosen as it does not rely on assumptions of normality 
and homoscedasticity (see Chapter 3.3.7).  Finally, the assumptions that errors are 
independent are tested by the Durbin-Watson test. The values of 1.85 (jet lag as 
unidimensional measure), 1.90 (jet lag as multidimensional measure), 1.84 (fatigue, CFQ) in 
the Durbin-Watson test indicate that there is no serial correlation within the regression 
residuals (Table A-1, Models with an intercept, 1 % significance points of dL and dU, Durbin 
and Watson, 1951). 
 
i) Jet Lag Unidimensional. The results (Table 5.21) showed that the model was significant 
accounting for 31% of the variance in subjective jet lag scores (R
2
 = .31, Adj R
2
 = .28, F(4, 
87) = 9.96, p <.001). Timeline (β = .29, p < .05) was the only process variable that 
significantly predicted subjective jet lag.  This indicates that perceived jet lag on the day 
before a long-haul flight was predicted by greater perceived chronicity of the condition.  
Perceived negative consequences of jet lag showed a trend towards significance in predicting 
the condition. 
 
Table 5.21 
Psychosocial Predictors of Jet Lag (Unidimensional), with 95% Bias Corrected and 
Accelerated Confidence Intervals. Confidence Intervals and Standard Errors Based on 1000 
Bootstrap Samples (N = 92) 
Process variables b 95% CI SE β p 
Constant -0.83 -1.77, 0.11 0.48 
  
Consequences 0.34 -0.00, 0.70 0.18 .29 .06 
Timeline 0.33 0.03, 0.66 0.17 .29 .05 
Emotional representations -0.06 -0.38, 0.25 0.16 -.05 .68 
Environmental causes 0.25 -0.14, 0.55 0.17 .14 .14 
        
ii) Jet Lag Multidimensional. The results (Table 5.22) showed that the model was 
significant accounting for 30% of the variance in jet lag scores (R
2 
= .32, Adj R
2
 = .29 F(4, 
86) = 12.39, p < .001).  Perceived social support (β = -.30, p < .001) was the single process 
variable that significantly predicted subjective jet lag (multidimensional). This indicates that 
increased satisfaction with support by others predicted reduced levels of multiple dimensions 
of jet lag on the day before a long-haul flight. Again, greater perceived consequences showed 
a trend towards significance in predicting jet lag. 
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Table 5.22 
Psychosocial Predictors of Jet Lag (Multidimensional, N = 91) 
Process variables b 95% CI SE β p 
Constant 3.22 1.93, 4.50 0.65 
  
Consequences 0.18 -0.02 0.39 0.10 .25 .08 
Timeline 0.08 -0.12 0.28 0.10 .11 .41 
Perceived social support -0.36 -0.57 -0.14 0.11 -.30 .001 
Identity 0.03 -0.01 0.08 0.02 .16 .14 
        
iii) Fatigue (CFQ, ‘Likert’ scoring). The results (Table 5.23) showed that the model was 
significant in explaining 29% of the variance in fatigue scores (R
2 
= .29, Adj R
2
 = .26, F(3, 
75) = 10.32, p < .001). Consequences (β = .31, p < .05) was the only process variable that 
significantly predicted perceived fatigue.  This indicates that an increase in fatigue on the day 
before a long-haul flight, as measured by CFQ, was predicted by greater perceived negative 
consequences of jet lag.  
 
Table 5.23 
Psychosocial Predictors of Perceived Fatigue (CFQ, ‘Likert’ scoring, N = 79) 
Process variables b 95% CI SE β p 
Constant 6.78 2.92, 10.64 1.94 
  
Consequences 1.60 0.02 3.19 0.80 .31 .05 
Timeline 0.96 -0.64 2.55 0.80 .18 .23 
Identity 0.18 -0.18 0.54 0.18 .12 .32 
       
 
5.3.11 Summary of Main Results 
 
Process Variables 
i. Work Preparation Strategies. On average, crew used sleep strategies more 
frequently than they did eating strategies to prepare for the flight; 
ii. Illness Cognitions. Crew regarded jet lag as having a cyclical time course, as 
temporary with minor consequences and with little emotional impact. Crew believed 
jet lag to be controlled by self-care and treatment. Overall, they showed positive 
beliefs about understanding of the condition; 
iii. Coping. Problem-focused measures were used more frequently than approach 
oriented and avoidant oriented emotion-focused strategies; 
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iv. Social Support. Crew were satisfied with the support provided from one to four 
supportive others. 
 
Outcome variables 
i) Jet Lag (unidimensional). Crew on average reported no jet lag the day before a long-
haul flight;  
ii) Jet Lag (multidimensional). When different symptoms of jet lag (sleep, fatigue, 
attitudes to meals, bowel consistency and sleepiness after dinner) were taken into 
consideration, the proportion of crew who were not jet lagged was lower (58.7%) than 
for the unidimensional measure (76.1%), indicating that overall crew felt more jet 
lagged on the day before a long-haul flight when several measures were used. On 
average, crew had no sleep difficulties on the day before a long-haul flight and their 
sleep was categorised as „good‟ in term of sleep efficiency and sleep onset latency 
parameters. In addition, crew had positive attitudes towards main meals, mood, were 
sleepy after dinner and had normal bowel function (consistency); 
iii) Fatigue (CFQ). The mean „Likert‟ score was 16.04 (SD = 5.12), indicating „normal‟ 
levels of fatigue (a score of 18 or less used to measure positive outcome by White et 
al., 2007). Only one participant (1.3%) reported chronic levels of fatigue with a score 
of 29, a criterion used to discriminate clinically relevant fatigue from non clinically 
relevant fatigue (Cella & Chalder, 2010). The mean „binary‟ score was 4.57 (SD = 
3.83) which indicated that, on average, crew reported substantial levels of fatigue 
(four or more factors giving problems) on the day before a long-haul flight. A 
discrepancy between the two scoring methods in relation to „normal‟ levels of fatigue 
was found: 72.2% under „Likert‟ scoring and 46.8% under „binary‟ scoring.  
Nevertheless, using the validated cut-offs for caseness („binary‟ scoring) and 
chronicity („Likert‟ scoring), it could be argued that although crew on average showed 
substantial levels of fatigue, these were not considered chronic.     
 
Predicting Jet Lag and Fatigue on the Day Before a Long-Haul Flight 
The present study found that illness cognitions, such as timeline and consequences and 
perceived social support, were the most important predictors of jet lag and fatigue on the day 
before a long-haul flight (Figure 5.10).  
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Figure 5.10. Best predictors of perceived jet lag and fatigue (CFQ, „Likert‟ scoring on the 
day before a long-haul flight. *p <.05 (2-tailed). *** p < .001 level (2-tailed). 
 
5.4 Discussion 
The current study was conducted on the day before a long-haul flight in order to i) describe 
how crew make sense of jet lag, what coping and pre-work strategies they use and whether 
they are satisfied with social support; ii) evaluate subjective jet lag levels (and symptoms) 
and chronic fatigue; iii) describe the patterns of correlations between profile variables, 
process variables (illness representations, coping, pre-work strategies, social support) and 
outcome variables (subjective jet lag and chronic fatigue) and  iv) assess the contribution of 
profile and process variables in predicting outcome variables.  
  
5.4.1 Making Sense of Jet Lag 
The results showed that overall, the current sample of cabin crew showed strong beliefs about 
the identity of jet lag, with sleep difficulties (e.g. daytime sleepiness), fatigue and negative 
mood (e.g. irritability and inability to concentrate) being reported more frequently than 
stomach/bowel issues or low appetite. The majority of the crew viewed jet lag as cyclical in 
nature but as a temporary condition with minor consequences and with little emotional 
impact. Further, jet lag was well understood by crew and there was a positive belief that jet 
lag could be controlled by self-care and treatment. Some of the findings are in line with the 
literature. Many studies have found that disturbance of the sleep/wake cycle is one of the 
major complaints of jet lag in cabin crew due to accumulated sleep dept and disturbance of 
the body clock (Lowden et al., 1998; 1999; Roach et al., 2002; Suvanto et al., 1993a; 1993b; 
Sharma &   Shrivastava 2004).  Fatigue and low mood/cognitive performance are also typical 
symptoms of jet lag in crew (Waterhouse et al., 2000; Eriksen, 2006; McCallum et al., 2003; 
Perceived jet lag 
unidimensional 
Perceived jet lag 
unidimensional 
Perceived Jet Lag 
Unidimensional 
Perceived Jet Lag 
Multidimensional 
Perceived Fatigue 
(CFQ) 
Timeline 
Perceived Social 
Support 
Consequences 
β = .29* 
β = -.30*** 
β = .31* 
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Cho et al., 2000). Gastrointestinal problems were reported less frequently (43.2% - 54.7%) 
than sleep and fatigue decrements (82.1% - 89.5%). This order of frequency of symptoms 
was also found in Sharma and Shrivastava‟s study (2004) with a similar length of service 
(14.7 years compared to 14.8 years in the current study). Although the lower frequency of 
gastrointestinal symptoms would seem to contrast with growing evidence of a link between 
disrupted food intake and the risk of metabolic syndrome associated with jet lag, this may 
simply reflect the immediate importance of sleep for survival. That is, one can cope with 
disruption to food intake but disruption to sleep (deprivation) is less tolerated and can lead to 
serious cognitive impairment. In fact, many studies conducted with crew use the displaced 
sleep/wake cycle as an outcome measure which represents the disrupted body clock (e.g. 
Lowden & Akerstedt, 1998; 1999) and cognitive impairment (e.g. Roach et al., 2012). 
However, the lower report of gastrointestinal problems may also reflect the difference 
between short and long-term effects of jet lag. Belenky and Akerstedt (2009) argued that 
short term consequences (over minutes and hours) of jet lag include errors and accidents 
whilst long-term consequences include chronic illness such as obesity, metabolic syndrome, 
increased inflammation and cardiovascular disease. Thus, gastrointestinal problems may be 
reported less frequently but have important long-term consequences.  
 
As hypothesised, the results also found that illness representations were inter-correlated 
(moderate to large) and the pattern of correlations was consistent with that found in the 
literature for many chronic illnesses (Hagger & Orbell, 2003). For example, crew with a 
strong jet lag identity believed jet lag was chronic with serious consequences and emotional 
impact. On the other hand, crew who perceived jet lag to be controlled (personal/treatment) 
thought it was temporary, not serious and with little emotional impact. The results seemed to 
support the SRM model (Leventhal et al., 1980), according to which individuals develop a 
complex set of beliefs about their illnesses around five core dimensions.    
 
With regard to the perceived causes of jet lag, crew showed strong beliefs for all three causes 
of jet lag (biological, psycho-behavioural and environmental). Among personal causes, crew 
rated psycho-behavioural causes more frequently than other causes (Appendix 21).  However, 
the „unadjusted body clock‟ emerged as the strongest belief among the biological causes. This 
is in line with the strong belief about the understanding of the condition observed in the 
present sample.  „Overwork‟ and „diet and eating habits‟ were the most important perceived 
causal factors among the environmental and the psycho-behavioural causes of jet lag, which 
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is consistent with the findings in Chapters 3 and 4 that disrupted meal responses predicted 
subjective jet lag and the discordance between subjective and objective jet lag. Interestingly, 
perceived causes were moderately correlated indicating crew believe a relationship exists 
between their body clock, behaviour, and the environment. Indeed, circadian rhythms are 
related to behaviours (sleep/wake, eating/fasting) and the environment (e.g. LD cycle) 
(Pressman & Orr, 2007). As the perceived biological causes of jet lag were related to psycho-
behavioural and environmental causes, these findings also provide some evidence that the 
common sense view of jet lag pre-trip is closer to the biomarker of jet lag (e.g. biomedical 
knowledge).   
 
5.4.2 The use of Coping, Pre-Work Strategies and Social Support 
The results showed that crew used sleep strategies more frequently than they did eating 
strategies but overall the use of both strategies was lower (53.7% and 37.8% respectively) 
than a study of shift work with nurses (Henderson & Burt, 1998) and the literature in general. 
This is surprising given the importance of such measures (e.g. sleep hygiene) for alertness 
management in aviation (Flower, 2001; Arendt, 2009). This finding could be explained by the 
fact that crew may not be aware of the benefits of pre-work strategies or that their use may 
not have been effective in past at dealing with jet lag, thus crew have stopped using them.   
 
With regard to trait coping strategies, crew used approach-oriented (problem- and emotion-
focused coping strategies) more frequently than avoidant emotion-focused coping consistent 
with the belief that jet lag was controllable. In addition, they were satisfied with the support 
provided by one to four supportive others, on average. This was also consistent with the 
frequent use of approach oriented coping strategies.  
 
5.4.3 Subjective Jet Lag Levels and Fatigue (CFQ) 
Although there are no validated cut offs for subjective jet lag (apart from Arendt et al., 1986, 
VAS score of 5 for presence of jet lag),  descriptive categories were used to describe jet lag 
and its symptoms on the day before a long-haul trip. The results showed that the majority of 
crew did not feel jet lagged (scores 1 – 2.49 of 5) when unidimesional jet lag was considered. 
However, when a multidimensional measure (sleep, fatigue, diet, sleepiness after dinner and 
bowel consistency) was taken into account, more crew were classified as jet lagged (23.9% 
and 41.3% scored 2.50 - 5). Specifically, the majority of crew reported altered bowel 
consistency and sleepiness after dinner (maximum Scores: 4 and 5). Whilst sleepiness 
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increases in the evening, it follows the alertness rhythm which peaks at around 11:00 h and 
20:00 h (Axelsson, 2005). Therefore, assuming that crew had dinner between 19:00 h and 
20:00 h, high levels of sleepiness at that time are not consistent with being „entrained‟, 
indicating altered sleep patterns.  
 
Using the validated cut-offs for fatigue, 53.2% were classified as fatigue cases (CFQ, „binary‟ 
score of 4 or more) but only one participant  was classified as having chronic levels of fatigue 
(„Likert‟ scoring of 29 or more, CFQ),  indicating that half of the sample reported substantial 
levels of fatigue. The mean „binary‟ score of 4.57 was higher than a community sample (3.27, 
Cella & Chandler, 2010) and the prevalence of substantial fatigue in the current sample was 
higher than in the general population (53.2% in the current sample and 38% in Pawlikowska 
et al.‟s study, 1994). This is consistent with other studies which found that crew reported 2 to 
5.7 times more fatigue than the general population (e.g. Roma et al., 2012; McNeely et al., 
2014). However, the „binary‟ score was lower in the current sample than in CFS sufferers in a 
previous study (9.14, Cella & Chandler, 2010), indicating that fatigue was not chronic in the 
current sample.   
 
5.4.4 Relationship Between Profile Variables, Process Variables (Illness 
Representations, Coping, Pre-work strategies, Social support) and Outcome Variables 
(Subjective Jet lag and Fatigue, CFQ) 
Although correlations were carried out as a means of screening for variables to enter in the 
regression analyses (see Sections 5.4.5), an examination of the patterns of correlations 
between different variables was carried out for descriptive purposes. The results showed that 
more optimistic perceptions of jet lag (fewer symptoms, temporary, fewer consequences, 
little emotional impact and better understanding of the condition) were associated with 
problem-focused coping  (e.g. planning and active coping) and approach oriented emotion-
focused coping (acceptance and positive reframing) whilst the pessimistic ones were 
correlated with avoidant oriented emotion-focused coping styles (self blame, denial, 
behavioural disengagement and self distraction). In turn, pessimistic beliefs about the 
condition related to increased levels of jet lag and fatigue whilst optimistic beliefs related to 
reduced levels of jet lag and fatigue. These findings are consistent with previous research 
which found a relationship between illness representations and coping and between illness 
representations and outcome (Moss-Morris et al., 2002; Hagger & Orbell, 2003).  However, 
among trait coping strategies, only humour was associated with higher levels of jet lag 
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(unidimensional) and positive reframing with reduced subjective fatigue, suggesting a lesser 
role for trait coping and jet lag, previously shown in Chapters 3 and 4. This is contrary to 
evidence in the literature which indicated that coping is related to outcome (e.g. CFS, 
diabetes, cardiovascular disease, Carver, et al., 1989; Hagger & Orbell, 2003; Carver & 
Connor-Smith, 2010) and a key aspect of the SRM model as it assumes that coping mediates 
the relationship between illness cognitions and outcome. In addition, humour was classified 
as an „adaptive‟ coping strategy (approach oriented emotion-focused). However as humour 
correlated positively with jet lag, this may suggest that humour may be maladaptive as there 
is a tendency for „less useful‟ coping strategies to relate to negative outcomes as it delays the 
process of dealing with a stressor (Carver & Connor-Smith, 2010). This highlights the 
problem of broad classifications (e.g. avoidant versus approach) and the need to use factor 
analysis for more reliable groupings (Litman, 2006).  It was hypothesised that the lack of 
relationship between coping and jet lag may be due to trait coping not being work specific 
(Chapter 3). However, pre-work strategies were also unrelated to jet lag and fatigue. Sleep 
hygiene, napping before a trip and keeping home sleep times have been shown to have 
beneficial effects on fatigue and jet lag management (Arendt et al., 2000; Flower, 2001) but a 
study with crew only showed a beneficial effect of keeping home-base hours on subjective 
sleepiness and jet lag during layover and not after the return home (Lowden & Akerstedt 
1998). Similarly, Henderson and Burt (1998) found that sleep and eating strategies did not 
have an effect on psychological wellbeing, sleep performance, work and social life 
satisfaction in 22 nurses. It may be that jet lag and fatigue affect individuals in different ways. 
This is likely to change from trip to trip. There is some evidence of individual variability in 
the use of pre-work strategies shown by the finding that crew who were morning types used 
more eating strategies and had lower levels of jet lag (unidimensional) than evening types. 
An alternative explanation of the low uptake of pre-work strategies may be that crew are not 
knowledgeable enough about what strategies to use and when to use them.  
 
Among the profile variables only morningness was related to some illness perceptions (a 
weaker identity, the perception of the temporary nature and minor consequences of jet lag). 
Morningness was also associated with higher perceived social support, more frequent use of 
eating strategies and reduced sleep difficulties, jet lag and fatigue. There is contrasting 
evidence in the literature as to whether morning types are better able to cope with jet lag. 
Some studies have shown that unlike evening types, who are considered sleep extensors, 
morning types are less flexible in their sleep patterns and therefore suffer the effects of sleep 
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deprivation more than evening types (Roach et al., 2002; Griefahn et al., 2002). In addition, 
the natural tendency of the circadian rhythm to phase delay (Chapter 2.3) is more compatible 
with eveningness than morningness (Pressman & Orr, 1997). However, morning people have 
been shown to cope better with schedules that require getting up early during the working 
week (Taillard et al., 1999). Thus, it may be that on days off crew who are morning types are 
not sleep deprived, cope well with home related tasks (e.g. taking kids to school, food 
shopping, preparing meals) and therefore feel less jet lagged than evening types who may be 
more sleep deprived. Indeed, morningness was also related to fewer perceived sleep 
problems.   Furthermore, perceived social support was associated with reduced subjective jet 
lag and fatigue (this will be evaluated in the next section). 
 
5.4.5 Predicting Subjective Jet lag and Fatigue (CFQ) 
The results found that illness perceptions consistently predicted jet lag and fatigue. Perceived 
chronicity was related to an increase in perceived jet lag and perceived negative 
consequences were related to higher levels of fatigue (CFQ, „Likert‟ scoring method). These 
findings indicate that even though increased perceived jet lag pre-trip (Chapter 4) was based 
on a physiological change as assessed by later circadian phase (bottom-up process), top-down 
processes (e.g. illness cognitions) operate simultaneously and are useful in explaining the 
experience of jet lag in the absence of acute symptoms (e.g. perceived  chronicity). This is in 
line with research in the area of symptom perception which has found that the experience of 
symptoms is not simply the product of a passive detection of bodily cues (Pennebaker, 1982; 
Gijsbers van Wijk et al., 1997) but illness cognitions can alter the experience of symptoms 
(Leventhal et al., 1980). The latter finding is consistent with previous research which showed 
that CFS patients perceived the consequences of their illness to be more profound than 
patients with rheumatoid arthritis (Moss-Morris & Chandler, 2003). Perceived satisfaction 
with social support however, predicted lower levels of jet lag as a multidimensional measure 
(fatigue, sleep, diet, altered bowel consistency and sleepiness after dinner), demonstrating 
that when all jet lag symptoms are taken into consideration, the support of significant others 
is very important for positive outcomes. This is also reflected in the jet lag and shift work 
literature where shift workers who adopt socializing strategies, such as spending time with 
family, participating in sport and hobbies and  publicising work schedules rated themselves 
more positively in terms of psychological wellbeing, sleep performance, work and social life 
satisfaction (Henderson & Burt, 1998). Given the disruption to personal and social 
relationships associated with jet lag, (Eriksen, 2006; Ballard et al., 2006), the results showed 
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that it is important for crew to make an effort to establish a good network of social support 
for their wellbeing.  Uchino (2006) argued that social support is consistently related to lower 
rates of morbidity and mortality and changes in cardiovascular, neuroendocrine, and immune 
function may be the physiological mechanisms by which support influences health. Thus, 
social support may act as a buffer through „more positive biological profiles‟.  
 
5.4.6 Limitations  
Several limitations were identified. Firstly, the cut-off of 4 or higher was validated against the 
Revised Clinical Interview Schedule (CIS-R) (Chalder et al., 1993). However, the notion that 
the CIS-R is the “gold standard” and is error-free is arguable. Therefore, the results regarding 
fatigue cases must be interpreted cautiously. However, the norms are useful for group 
comparisons across studies and this point highlights the need for validated cut-offs for jet lag 
in long-haul cabin crew. Further, some researchers argue that caseness is defined by fatigue 
lasting longer than six months rather than one month as in the current study (Wessley, 1995). 
Problems associated with recall over six months may, however, reduce the reliability of the 
results. In the CFQ, symptoms are also assessed against normality. In CFS patients, as in 
long-haul crew, normality may be difficult to assess therefore validity of the results may be 
affected. Secondly, the main limitation regarding the role of illness perceptions in jet lag and 
fatigue is related to the design in the current study. Cross-sectional studies cannot assess 
causality therefore longitudinal data is needed to verify the validity of the results across time. 
In addition, a longitudinal study would test the ability of illness cognitions to explain the 
variability between subjective and objective jet lag found in Chapter 4. A major tenet of the 
SRM model is that coping mediates the relationship between illness representations and 
outcome. However, the results revealed that coping did not have a strong role in outcome, as 
implied in the SRM, as only humour and positive reframing were related to outcome. The 
problem may lie with the measures of coping used as they may be too generic despite their 
validity and reliability.  Pre-work strategies were added as they were deemed work specific. 
However, reliability was below .70 which questioned the validity of the results. It may be that 
the grouping of two scales is inaccurate therefore factor analysis is needed for more reliable 
subscales. This is also relevant for the perceived causal subscales of the IPQ-R as its 
reliability was very low (Cronbach‟s alpha = .11).    
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5.4.7 Conclusion and Future Research 
Overall, the current study showed that the SRM model (Leventhal et al., 1980) was useful in 
explaining how crew make sense of jet lag, as patterns of correlations with coping and 
outcome and the regression models were consistent with patterns of results found in previous 
research used to understand several chronic conditions, such as coronary heart disease, CFS, 
human immunodeficiency syndrome (HIV), diabetes self management, medical adherence 
and cancer (Morris et al., 1996; Weinman et al., 1996; Scharloo et al., 1999; Grivas et al., 
2000;  Moss-Morris et al., 2002). The results demonstrated that jet lag in long-haul crew can 
be explained in terms of the core dimensions of SRM, specifically timeline and 
consequences. In addition, although there are some inconsistencies between the „binary‟ and 
„Likert‟ scoring (reduced by the strategy listed in the method section), by using the CFQ it 
was possible to show with some reliability and validity that the day before a long haul flight 
crew were not affected by chronic levels of fatigue. However, crew showed substantial levels 
of fatigue which were higher than the general population but lower than CFS patients. The 
importance of using a validated multidimensional measure of fatigue is evident when the 
results are compared with the single item from the revised Liverpool Jet Lag Questionnaire. 
The multidimensional measure identified 53.2% cases compared to 14.7% by the single item. 
Thus, future research should use multidimensional measures of jet lag that are validated.  
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CHAPTER 6: THE IMPACT OF AN IMPLEMENTATION INTENTION 
INTERVENTION TO IMPROVE MEAL TIMES AND AMLIORATE JET LAG AND 
OBJECTIVE ALERTNESS IN LONG-HAUL CABIN CREW DURING RECOVERY 
DAYS: A RANDOMISED CONTROLLED STUDY 
 
6.1 Introduction 
Long-haul cabin crew experience regular misalignment of the circadian rhythm with the LD 
cycle as a result of recurrent transmeridian travel. Consequently, crew are affected by several 
jet lag symptoms (Lowden & Akerstedt, 1998; 1999; Suvanto et al., 1993a). As shown in 
Chapter 2.13, countermeasures of jet lag can be categorised into two main areas: i) strategies 
aimed at promoting adaptation between the circadian rhythm and the LD cycle and ii) 
measures that focus on treating jet lag symptoms.  For short trips (less than 48 hours) 
adaptation to the new time zone is not advisable as complete adaptation is not possible and 
cabin crew risk being out of synchrony after their return home. However, light exposure at 
the wrong circadian time causing circadian disruption is inevitable during short layovers 
(Lowden & Akerstedt, 1998; 1999; Suvanto et al., 1993a) and night flights (Chapter 4). 
Therefore, recovery from jet lag in the home-time zone involves readjusting the circadian 
system to social timing and dealing with symptom perception. Traditional strategies that 
induce circadian shifts include exposure to bright light and the use of melatonin. As well as 
treating the symptoms (e.g. difficulty falling asleep) melatonin has a chronobiotic effect 
(phase shifting effect). However, correctly timed treatment according to the PRC of light and 
melatonin (Revell et al., 2006, Chapter 2.13.1) depends on knowledge of circadian phase. As 
cabin crew may be chronically out of synchrony (Arendt et al., 2000) and rapid assessment of 
circadian phase is not available, evidence suggests that such treatment is best suited to 
occasional travellers rather than cabin crew (Petrie et al., 1993). Managing sleep can also be 
used as a method to promote circadian alignment by scheduling sleep at appropriate times 
(e.g. to correspond to biological night). There is evidence that retaining home-base sleep 
times reduced subjective jet lag and sleepiness levels in a sample of long-haul cabin crew 
during layover but not after the return home (Lowden and Akerstedt, 1998). Henderson and 
Burt (1998) also showed that sleep strategies were not beneficial in improving psychological 
wellbeing, sleep performance and work and social satisfaction in a sample of nurses. Further, 
sleep strategies did not relate to subjective jet lag and fatigue levels the day before a long-
haul flight in a sample of cabin crew (Chapter 5). However, sleep hygiene and anchor sleep 
(Chapter 2.13) are effective ways to manage on-duty alertness and ensure the safety operation 
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of airlines (Arendt et al., 2000; Flower, 2001; McCallum et al., 2003). The use of hypnotics 
and stimulants (e.g. caffeine) are also useful measures that promote respectively sleep and 
alertness in the short-term (Arendt et al., 2000). However, these strategies do not influence 
circadian adaption. A further complication is that measures that promote re-synchrony after 
the return home, such as appropriately timed administration of bright light and melatonin and 
the use hypnotics to treat symptoms, require the intervention of health care professionals. 
Furthermore, melatonin is forbidden to crew. Thus, alternative strategies that can be self-
administered are needed to attenuate the adverse effects of circadian misalignment in long-
haul cabin crew.  
 
An additional counter measure which has received some interest over recent years is the role 
of diet and regular eating patterns.  For example, one study found a link between change in 
the timing of food intake and reduced subjective jet lag in military personnel deployed across 
several time zones (Reynolds & Montgomery, 2002). The Argonne diet (see Chapter 2.13.2) 
consists of alternate days of fasting and feeding and consumption of proteins and 
carbohydrates to promote sleep and alertness and reduce the impact of sudden shift of the 
circadian rhythm based on metabolic studies on animals (rodents).  The results showed that 
among military personnel who chose to follow the Argonne diet in preparation for 
deployment and in preparation for return, subjective jet lag and the perception of jet lag 
symptoms
5
 were significantly reduced compared to non-dieters. After deployment to Korea 
and their return home, non-dieters were respectively 7.5 and 16.2 times more likely to have 
reported jet lag and its symptoms than dieters. Moreover, Krauchi and colleagues (2002) 
compared the effects of a single morning and evening carbohydrate-rich meal for three days 
and found that morning intake of this meal was able to advance the BCT and heart rate 
rhythms under controlled constant routine conditions. Schoeller and colleagues (1997) found 
that a delay in the timing of three daily meals by 6.5 h was able to shift the diurnal rhythm of 
plasma leptin by five to seven hours without changing the light or sleep cycles. There is also 
evidence of a relationship between meal times and obesity (e.g. eating after 20:00 h, Shibata 
et al., 2010; Baron et al., 2011) in subjects without night eating disorders and more recently a 
study showed that late eaters lost less weight than early eaters, regardless of energy intake, 
expenditure, dietary composition, circadian preference and sleep times (Garaulet et al., 2013). 
Taken together, the above studies suggest that meal times can affect wellbeing by altering the 
                                                 
5
 Jet lag symptoms measured: inability to concentrate, insomnia, no appetite, irritability, fatigue, bad dreams, 
moodiness, headaches, confusion, bad attitude, nausea, jumpiness and frequent urination.   
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experience of jet lag and metabolic responses (weight gain and circadian rhythm of appetite-
related hormones).  
 
This is reflected in the results of this thesis.  For example Chapters 3 and 4 found that lower 
than normal appetite at lunch and dinner after the return from a long-haul flight not only 
predicted subjective jet lag levels but also the discrepancy between subjective jet lag and 
circadian phase change (shift in melatonin acrophase) post-flight, indicating the deleterious 
effects of disruption to food intake (e.g. responses to food) on jet lag levels. In addition, 
contrary to findings obtained with occasional travellers (Waterhouse et al., 2000; 2004; 
2005a), appetite and subjective jet lag had a similar time course of adjustment post-layover in 
a sample of cabin crew (Chapter 3), presenting further support for a close link between 
disrupted food intake and jet lag in this sample. Indeed, Scheer and colleagues (2009) found 
that perceived hunger had a strong circadian rhythm with a peak at 20:00 h in a forced 
desynchrony study. However, when meal times were not controlled for in a forced 
desynchrony study, Waterhouse et al. (2004) showed that hunger before a meal was affected 
by meal type which in turn was dependent on the displaced wake period (Waterhouse et al., 
2004). Thus, hunger increased as subjects ate a small hot meal towards the middle (e.g. 
lunch) and a large hot meal and the end (e.g. dinner) of the new waking period, further 
evidence that meal times can affect meal responses through the choice of hot meals (which 
may reflect eating habits in the Western world, Chapter 2.10.6). Moreover, in a forced 
desynchrony study which manipulated sleep restriction (typical of jet lag), Heath and 
colleagues (2012) found that severely sleep-deprived subjects (4-hour sleep opportunity per 
24 h) ate more snacks between meals during the „biological day‟ (circadian peak) than 
moderately sleep-deprived subjects (6 h sleep opportunity per 24 h). These results suggested 
that low appetite before main meals in subjects with circadian disruption and severe sleep 
loss may be caused by frequent snacking during the day and not just at night (Waterhouse et 
al., 2003).  
 
Meal responses such as low appetite may be important cues for the temporal organisation of 
the circadian system. Hormonal mechanisms may underlie these effects. For example, 
peripheral organs and related hormonal activity (e.g. glucose, ghrelin, leptin rhythms) 
respond to meal times (Hampton et al., 1996; Ribeiro et al., 1998; Buxton et al., 2012) rather 
than changes to the LD cycle (Shoeller et al., 1997). When energy intake was restricted 
during sleep deprivation, disrupted appetite-related hormones such as ghrelin and leptin 
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levels were also related to altered perceived hunger (Spiegel et al., 2004a; 2004b; Schmid et 
al., 2008).  It is possible that these metabolic changes associated with altered feeding times 
may exacerbate circadian desynchrony by reducing temporal coordination between the 
central clock and peripheral oscillators. Central clocks respond to light whereas peripheral 
clocks found in the liver, pancreas and adipose tissue are entrained by feeding and fasting in 
mammals (Reddy et al., 2005). Therefore contrasting signals (eating out of phase with LD 
cycle) may exacerbate circadian disruption and the experience of jet lag.   
 
Whilst the mechanism of influence of meal times on the circadian system is poorly 
understood in humans, animal research suggests this may happen through a second „feeding‟ 
clock affected by eating patterns, the FEO (Stephan 2002). There is still a debate about the 
location of the FEO (see Chapter 2.10) but it is believed that temporal food intake is not only 
capable of resetting peripheral circadian clocks but also the SCN. Under normal conditions, 
light is the prime circadian drive synchronizing the SCN and peripheral clocks via neuronal 
and endocrine pathways and controlling temporal feeding times. However, evidence suggests 
that in rodents, food timing restriction during the day (e.g. 3 to 6 hours) shifts rodents‟ 
behaviour from nocturnal to diurnal inverting the phase of clock gene rhythms in peripheral 
tissues (e.g. liver, kidney, lungs and heart). When food is restricted but not energy 
availability, the SCN remains synchronised by light and the peripheral oscillators are 
synchronised by food (Hirao et al., 2010), exemplifying a dysregulation of the circadian 
system (e.g. circadian disruption). However, when both food and energy are restricted, both 
the SCN and the peripheral clocks are affected by feeding times, suggesting temporal food 
intake is capable of resetting the master clock as well as peripheral clocks (Mendoza, 2005).  
A major problem with animal research is translating its evidence to humans. In an attempt to 
make data more relevant to human patterns, researchers have manipulated mealtime 
combinations (breakfast, lunch and dinner) and found that three meals a day fixed the phase 
of peripheral clocks in mice according to meal interval (Kuroda et al., 2012). Further, longer 
fasting between lunch and dinner was able to anticipate peripheral clock phase. To reduce 
this effect, dinner was divided into two small meals at 19:00 h and 23:00 h which caused the 
timing of the peripheral clocks to return to normal.  
 
While there is strong evidence that timed meals can alter the circadian rhythm of animals 
(Chapter 2.10.2), to date, evidence that changing dietary patterns can reduce jet lag in humans 
is limited to few studies mentioned above (Shoeller et al., 1997; Reynolds & Montgomery, 
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2002; Krauchi et al., 2002). Furthermore, how such changes can be achieved also remains 
unexplored.  Therefore, this study will test the ability of regular meals to improve jet lag 
symptoms during days off by using implementation intentions.  Improving eating behaviour 
(e.g. reduce fat intake, increase fruit and vegetable consumption) usually requires the use of 
tailored interventions, however,  research (e.g. Armitage 2004, Kellar & Abraham, 2005)  
found that forming implementation intentions (Gollwitzer & Sheeran, 2006) is also effective 
in producing dietary changes (see Chapter 2.13.3). Implementation intentions are if-then 
plans that translate intention into action by stating where and when to implement the desired 
behaviour. Specifying the „where and when‟ of an action creates a mental link between the 
critical situation of the intention (e.g. at 9:00 h) and the indented behaviour (e.g. breakfast) 
that translate it into action. The mental representation of the if- part of the plan becomes more 
activated and accessible thus leading to an automated response (Gollwitzer, 1993). These 
processes are effective in overcoming self-regulatory problems such as forgetting to act, 
failing to prioritise the goal due to other situational demands or negative states that contribute 
to the failure of intention to translate into behaviour (Gollwitzer & Sheeran, 2006).  In the 
context of food consumption, implementation intentions have been shown to effectively 
improve an individual‟s ability to eat a healthy diet (Verplanken & Faes, 1999; Armitage, 
2004; Armitage, 2007; Chapman et al., 2009; Adriaanse et al., 2011). In laboratory 
experiments, implementation intentions usually take the if- then format (e.g. if it is Monday, 
at 9:00, then I will eat breakfast). However, in the field, most studies use the „global‟ 
approach (Armitage 2004; Armitage, 2007) instructing participants they are free to formulate 
their plans paying attention to the situation. This strategy is more sensitive to the lifestyle of 
individuals and has been shown to be effective in generating dietary change in the field. 
Further, the advantages of this type of intervention, for the cabin crew sample in particular, 
are that administration/application is large-scale and it does not require the presence of a 
health professional. 
 
Research has also shown transmeridian travel and shift work disrupt meal responses through 
the disruption of eating habits, such as the likelihood of eating hot food associated with 
increased appetite and enjoyment (Waterhouse et al., 2003; 2004). Therefore, promoting 
regular meals may also increase the likelihood of eating hot meals at appropriate times (e.g. 
lunch and dinner) thus improving responses to meals. This is directly relevant to the findings 
in Chapters 3 and 4 that negative responses to meals (lower than normal appetite) predicted 
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increased subjective jet lag and the discrepancy between subjective jet lag and circadian 
phase.  
 
Thus, the aim of the present study was to improve the regularity of meal times using an 
implementation intention as a means of reducing subjective jet lag and increase objective 
alertness on crew‟s second recovery day. The PVT was used as an objective measure of 
alertness as it is sensitive to time of day (circadian misalignment), sleep deprivation and time 
on task (fatigue) and it has been widely used in circadian and sleep research (see Chapter 
2.9.2). A further aim of the present study was to explore the role of process variables (illness 
cognitions, coping, social support), profile variables and intervention in predicting recovery 
from jet lag, fatigue (Liverpool Jet Lag Questionnaire, revised) and improved performance on 
the PVT  on crew‟s second day off. This was to address the criticism identified in Chapter 5 
about the cross-sectional nature of the evidence reported. This precluded any assessment 
regarding the causality of, specifically, the illness cognition-illness outcome relationship as 
specified by the SRM (Leventhal et al., 1980). Secondly, no objective outcome measures 
were taken in Chapter 5. Whilst the evidence of a link between illness cognitions and 
objective disease states is limited to the control/cure-disease state correlation (Hagger & 
Orbell, 2003), there is much evidence of a relationship between social support and objective 
health measures. In particular, actual support and potential access to support relate to reduced 
cardiovascular reactivity to stressors in laboratory settings (Lepore, Allen & Evans 1993; 
Uchino & Garvey, 1997; Uchino, 2006). Longitudinal studies have also found that social 
support predicted a reduction in mortality rates (Berkman & Syme, 1979) and birth 
complications (Oakley, 1992). It is thought that social support may help the individual cope 
with stressful events by reducing the effect of the stressor (e.g. physiological effect, Uchino, 
2006) or buffering the individual from the harmful effects of stressful situations through 
positive appraisal (Cohen & Wills, 1985).  
 
6.1.1 Hypotheses 
It was hypothesized that:  
i) A simple meal plan to eat regular meals on days off, based on implementation intentions, 
would significantly reduce subjective jet lag (unidimensional and multidimensional 
measures) and its symptoms (attitudes to main meals, fatigue, sleep performance, mental 
performance and mood, bowel activity, sleepiness) and improve speed on the PVT 
(objective alertness) during crew‟s recovery days (Day 1 & Day 2); 
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ii) Process variables (illness cognitions, coping, social support, pre-work strategies) and 
profile variables (demographics and trip factors) would predict subjective jet lag 
(unidimensional and multidimensional measures) and its symptoms and improve speed on 
the PVT (objective alertness) on crew‟s second recovery day after controlling for 
subjective jet lag, fatigue and objective alertness at baseline. 
 
6.2 Methods 
6.2.1 Design  
The present study used a randomized controlled design with two conditions (Intervention: 
forming an implementation intention to eat regular meals on days off vs Control: standard) to 
examine the impact of a planning intervention related to meals on jet lag. Pre-intervention 
measurements were carried out at Time 1 (baseline = day before the flight) and post-
intervention measures were taken at Time 2 (post-flight = day off 1) and Time 3 (post-flight 
= day off 2).   
 
6.2.2 Participants 
Sixty two participants enrolled in the present study:  „‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ 
„‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟  
Of the sixty two participants who enrolled and completed baseline measures, sixty jet lag 
diaries were returned (response rate = 96.8%). Of sixty Psychomotor Vigilance Task (PVT) 
results, three were discarded as individual reaction times per task were consistently between 
500 ms and 1 second indicating lapses and missed responses (response rate = 91.9%).  
Approximately 30 participants in each condition (control and intervention) were deemed 
sufficient to detect a medium to large effect size (d = .65, power level = .80, probability level 
= .05). In a meta-analysis of effects and processes, Gollwitzer and Sheeran (2006, p. 69), 
showed that „implementation intentions had a positive effect of medium to large magnitude 
(d = .65) on goal attainment‟. The a priori power analysis calculations (G*Power) are 
reported in appendix 10 (Faul et al., 2009). Details of inclusion and exclusion criteria are 
given in Chapter 5.2.2. Following ethical approval (Appendix 12), an email was sent to all 
long-haul and mixed fleet crew with detailed information on how to take part (Appendices 13 
& 26). Prospective participants were sent a data pack containing the study protocol/checklist, 
a jet lag diary, PVT instructions and a pre-stamped envelope to return the completed diary 
(Appendices 27, 28 & 29). Once participants received the pack, a meeting or a telephone call 
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was then set up between the investigator and the prospective participant to go through the 
protocol of the study in fine detail.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.1. Flow of participants through the study. 
Inclusion Criteria 
Crew had to be potentially jet lagged. As a result, only crew with the following trips were 
considered: 
- ≥ 4 hours time change (Atkinson, 2013); 
- Duration of layover ≥ 48 hours (crew may tend to stay on home time on night-stops so 
may not be jet lagged) (see Appendix 13). 
Assessed for eligibility 
online 
(N = 62) 
 
Randomised online 
(N = 62) 
Allocated to Control 
(n = 31) 
Allocated to Intervention 
(n = 31) 
 
Completed/received by post: 
Jet lag questionnaire          (n = 31) 
PVT: 1 app problems         (n = 30) 
Online baseline measures  (n = 31) 
 
 Implementation 
Intentions  
Completed/received by post: 
Jet lag questionnaire (n = 31) 
PVT: 1 app problems (n = 30) 
 
Completed/received by post: 
Jet lag questionnaire (n = 29) 
PVT                           (n = 30) 
 
Completed/received by post: 
Jet lag questionnaire         (n = 30) 
PVT             (n = 30) 
Online baseline measures (n = 31) 
 
Completed/received by post: 
Jet lag questionnaire (n = 31) 
PVT: 1 app problems (n = 30) 
 
Completed/received by post: 
Jet lag questionnaire (n = 29) 
PVT                           (n = 30) 
 
Analysed: 
Jet lag questionnaire (n = 31) 
PVT: 1 outlier           (n = 29) 
 
Analysed: 
Jet lag questionnaire (n = 29) 
PVT: 2 outliers          (n = 28) 
 
Enrolment 
Allocation 
Time 1  
Baseline 
Time 2 
Day off 1 
Time 3 
Day off 2 
 
Analysis 
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6.2.3 Intervention  
At baseline (= day before the flight), participants followed an online link to complete the 
baseline measures (Appendix 16) described later. At this stage, participants were randomly 
allocated to the intervention and control groups using a basic JavaScript random number 
generator function. As shown in Figure 6.1, after completing baseline measures only 
participants assigned to the intervention arm were asked to form implementations intentions 
about eating regular meals on days off following their trip. Instructions were given aimed at 
formulating detailed meal plans: “There is some evidence that eating 3 regular meals a day 
may help people recover after a long-haul flight. We want you to eat 3 regular meals 
(Breakfast, Lunch and Dinner) during your days off. To this end, you are free to choose, how 
to do this. However, we want you to formulate your plans in as much details as possible. For 
example, (a) when and (b) where you will have Breakfast, Lunch and Dinner”. These 
instructions were adapted from Armitage‟s study (2007) which did not contain the „if-then 
part‟ structure but emphasised „where‟ and „when‟ the goal will be achieved (e.g. breakfast) 
in order to create an association between a specific situation and a desired behavioural 
response.  To this end, space was provided for participants to write their detailed plans for 
each day off.   
 
6.2.4 Measures 
Participants completed the following measures to assess their profile characteristics, the 
process variables and the outcome variables at different time points during the study. These 
are summarised in Table 6.1. 
 
Table 6.1 
Summary of Measures to Assess Profile Characteristics, Process and Outcome Variables 
 
Measures Time 1 Time 2 Time 3
Baseline Day Off 1 Day Off 2
Profile characteristics: 
Demographic and trip factors 
Morningness-Eveningness (HO, Horne & Ostberg, 1976); 
Process variables:
Work preparation strategies 
Illness cognitions (IPQ-R, Moss-Morris et al., 2002), 
Coping (Carver et al., 1997) 
Social support (Sarason et al., 1987) 
Outcome variables:
Subjective Jet lag (revised Jet lag Q., Waterhouse et al., 2000)   
Sleep Efficiency (revised Jet lag Q., Waterhouse et al., 2000)
Objective alertness (PVT) Sleep-2-peak app (Gartenberg et al., 2012)   
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A description of the above measures is found in Chapter 5.2.3. The following questions were 
selected to assess profile characteristics (see Appendix 17):  
 
Table 6.2  
Profile Variables Selected  
Profile variable  Scoring  
Age  20 - 60 
Gender  (0 - 1) 
Nationality (UK-Other) (0 - 1) 
Marital status (Live alone-With partner) (0 - 1) 
Children (No-Yes) (0 - 1) 
Smoke (No-Yes) (0 - 1) 
Role (Crew-Manager) (0 - 1) 
Contract (Part time-Full time) (0 - 1) 
Fleet „‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ (0 - 1) 
Service length (Years) (0.06 - 40) 
Direction Preference (fewer - more jet lag symptoms = 1. South Africa; 2. Middle East; 3. 
East Coast USA; 4. West Coast USA;   5.Far East) 
(1 - 5) 
Commuter (No-Yes) (0 - 1) 
Report time (6.58 - 20.58) 
Planned outbound departure decimal time (to destination) (8.08 - 22.08) 
Planned outbound arrival decimal time (to destination) (17.92 - 34.67) 
Planned outbound duty decimal  (to destination) (9.08 - 14.75) 
Planned inbound departure decimal time (back to the UK) (15.43 - 31.55) 
Planned inbound arrival decimal time (to destination) (4.83 - 17.55) 
Planned inbound duty decimal time (to destination) (8.00 - 15.42) 
Time change (-8 - +11) 
Time change (Absolute measure) (4 - 11) 
Days off after trip (2; 3; 4; 5-10) (1 - 4) 
Trip length (3 - 8) 
Day off before (0, 1-2; 3-4; 5-11;  12-30;  31-54) (0 - 5) 
Season (Winter-Summer) (0 - 1) 
Morningness-Eveningness (MEQ) (16 - 86) 
  
 
It is worth noting that the trip schedules are only planned, as per crew‟s roster at baseline. 
These times were used to categorise flights into „night‟ and „day‟. Flights that departed at 
6.00 h or after and arrived at destination (abroad or UK) before 24:00 h (GMT) were 
classified as day flights. Any flights with a duty falling between 02.00 h and 5.99 h decimal 
time were classified as night flights (duty and flight time limitations scheme, Civil Aviation 
Authority, 2004).  
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Outcome Measures 
i) Subjective Jet Lag 
The unidimensional measure of jet lag was measured by one item (Question 1, p. 396, 
Appendix 16) of the revised Liverpool Jet Lag Questionnaire (Waterhouse et al., 2000) 
whereas the multidimensional measure of jet lag was measured by the mean score of the scale 
made up of 14 items (jet lag, fatigue, sleep performance (four items), mood/cognitive 
performance (three items), attitudes to meals (three items), bowel consistency and sleepiness 
after dinner).  High scores indicated a high perception of the symptom or negative attitudes. 
Bowel frequency was excluded from the scale mean as low and high scores reflected altered 
bowel frequency (3 = normal) unlike the rest of the scale items.  The proportion of 
participants who were not jet lagged (= 1 and 2 = „no‟); „somewhat‟ jet lagged (3) and very 
jet lagged (4 and 5 = „yes‟) was also calculated for descriptive purposes.  
 
For all these subscales (sleep difficulties, negative attitudes to main meals and negative 
mood/mental performance), partial scores were defined as the mean of the scores for the 
items on each subscale (after reverse coding).  
 
ii) Sleep Efficiency  
Sleep efficiency was calculated from the number of hours slept divided by the number of 
hours spent in bed x 100. A score of 84% or less indicated sleep problems. 
 
iii) Objective Alertness: PVT 
A three minutes psychomotor vigilance task (PVT) was used to objectively measure 
alertness. The PVT is the gold standard task used in sleep research to measure the arousal 
system (Dinges et al., 1987). In the present study, PVT was administered via an iPhone/iPad 
application („sleep-2-Peak‟) therefore suitable for field studies. The smartphone application 
was developed by Proactive life LLC and has been validated (Gartenberg et al., 2012). 
Participants were asked to download the app from iTunes and were given face to face or 
phone instructions on how to use the app as well as detailed written instructions (Appendix 
29). An instruction video posted on YouTube was also made by the investigator. Participants 
were asked to do at least one practice run on their own to familiarize themselves with the task 
before the study. The PVT requires responding to a visual stimulus (in this case, an image of 
the sun) as soon as it appears on the screen by touching the stimulus with the index finger of 
the dominant hand. The stimulus is presented randomly within a 10-second interval (but 
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never within the first two seconds of the interval), which conforms to how the PVT is 
administered. The task lasts three minutes (a 6-trial PVT equals one minute in the app) and 
participants were instructed to complete the task at the end of the day after the last meal and 
soon after completing the second part of the jet lag questionnaire at Time 1 (baseline), Time 2 
(Day off 1) and Time 3 (Day off 2). Before completing the task, participants were asked to 
fill in information on whether i) they had woken up naturally; ii) they felt tired at bed time the 
night before; iii) they believed they were under the influence of stimulants, sleep aid, caffeine 
and alcohol.  
 
Raw RTs have reduced power as they are affected by heteroscedasticity, skewness and 
outliers and are not suitable for ANOVAs (Whelan, 2008). Transforming RTs to speed (e.g. 
the reciprocal of latency) normalises the distribution by decreasing the contribution of very 
long lapses (e.g. RTs ≥ 500 ms) or very fast RTs (e.g. contribution of false starts) and ensures 
good power (Whelan, 2008). Therefore a reciprocal transformation was applied to raw RTs 
and the mean of the reciprocal reaction times or response speed (1/RTs) (1/ms) for each task 
was used in the analysis. In the present app false starts were identified as -1.000, missed 
responses as RTs 1.000. Genuine RTs have a minimum value of at least 100ms (Luce, 1986).  
For descriptive purposes, PVT scores 2.00 – 2.99 were categorised as slow, 3.00 – 3.99 as 
medium and 4.00 – 5.60 as fast.  
 
Typically, a PVT lasts 10-minute and it is administered in the lab. The 10-minute PVT is 
considered impractical in the field. 3-minute PVTs have been validated and found to 
discriminate between sleep deprived and alert subjects (Basner, Mollicone & Dinges, 2011). 
Effects sizes for PVT outcome measures (medium to large) were larger for the 10-min PVT 
than the 3-minute PVT. However, when compared to the 70% decrease in time duration, the 
loss of 22.7% in effect size was considered acceptable (Basner et al., 2001). Overall, there 
were fewer lapses in the 3-minute PVT than the 10-min PVT but when the threshold was 
lowered from 500 ms to 355 ms, results showed no differences in sensitivity to sleep loss 
between the 10-minute and the 3-minute PVT.    
 
The following variables were included in the analysis of PVT scores. They were part of the 
app pre-test questions (see Appendix 29). 
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Table 6.3 
App Variables 
 
6.2.5 Procedure 
All measures were completed after dinner except for the sleep questions of the jet lag 
questionnaire which were completed approximately 30 minutes after rising (Tables 6.4, 6.5 & 
Appendices 27 & 28).  
 
Table 6.4 
Time of Completion of the Jet Lag Diary 
 
 
Table 6.5 
Order of Completion of Measures 
Study days 
  - Measures 
Questions Order of completion 
Day before the flight   
1. Jet Lag Diary   Sleep questions 1. A.M., on rising  
2. Jet Lag Diary   Rest of questions 2. Evening, after the last meal of the day 
3. PVT            3. Evening, after the Jet lag Diary  
4. Online Survey   4. Evening, after the PVT  
Day Off 1   
1. Jet Lag Diary   Sleep questions 1. A.M., on rising  
2. Jet Lag Diary   Rest of questions 2. Evening, after the last meal of the day 
3. PVT            3. Evening, after the Jet lag Diary  
Day Off 2   
1. Jet Lag Diary   Sleep questions 1. A.M., on rising  
2. Jet Lag Diary   Rest of questions 2. Evening, after the last meal of the day 
3. PVT           3. Evening, after the Jet lag Diary  
   
Variables  Scoring 
Woke up naturally (No-Yes) (0-1) 
Felt tired at bed time night before (No-Yes) (0-1) 
Under the influence of a stimulant at time of test (No-Yes) (0-1) 
Under the influence of a sleep aid at time of test (No-Yes) (0-1) 
Under the influence of caffeine at time of test (No-Yes) (0-1) 
Under the influence of alcohol at time of test (No-Yes) (0-1) 
 
When to complete  On rising After the last meal of the day 
Question no    
1 Jet lag   
2 Sleep   
3 Fatigue   
4 Meals   
5 Mood   
6 Bowel  activity   
7 Sleepiness after dinner   
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Reminders by text and email were sent in the morning and evening to minimise the 
occurrence of missing data.  
 
6.3 Results 
6.3.1 Data Analysis 
The data were analysed in the following way: 
i) To describe participants‟ baseline demographics, trip factors and process variables; 
ii) To verify the success of the randomisation by assessing differences between the 
control and experimental groups in terms of demographics using Independent sample 
t-tests which were conducted to compare two mean scores if data was normally 
distributed and chi-square for categorical data.  
iii) To assess the effect of the implementation intention intervention on degree of jet lag, 
fatigue, sleep performance, attitudes to main meals, mental performance and mood, 
bowel activity, sleepiness and speed of the PVT using a series of mixed ANOVAs. 
Condition (experimental vs. control) was the between participants factor, time (T1 = 
baseline; T2 = first day off; T3 = second day off) was the within-persons factor and 
jet lag, fatigue, sleep performance, attitudes to main meals, mental performance and 
mood, bowel activity, sleepiness and speed of the PVT were the „dependent‟ 
variables. Greenhouse-Geisser corrections for violations of sphericity were applied.  
iv) To assess the role of intervention, profile and process variables at baseline in 
predicting primary outcome variables (jet lag unidimensional and multidimensional, 
fatigue and PVT speed) at T3 (crew‟s second day off) using partial correlations for 
screening followed by standard hierarchical multiple regression analyses.  
For the analysis of the PVT scores, the following „sleep-2-Peak‟ app variables (Chapter 
6.3.4) were included in the screening correlations: 
 
Table 6.6 
‘Sleep2Peak’ app Variables used in Screening Correlation  
Profile Variables T3 Scoring 
Woke up naturally (No-Yes) (0 - 1) 
Felt tired at bed time night before (No-Yes) (0 - 1) 
Under the influence of a stimulant at time of test (No-Yes) (0 - 1) 
Under the influence of a sleep aid at time of test (No-Yes) (0 - 1) 
Under the influence of caffeine at time of test (No-Yes) (0 - 1) 
Under the influence of alcohol at time of test (No-Yes) (0 - 1) 
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6.3.2 Data Screening 
Prior to statistical analyses, the data were examined through SPSS Version 21 for accuracy of 
data entry, missing values, outliers and assumptions of normality. The data were considered 
within the limits of a normal distribution if the dividend of the skewness and kurtosis 
statistics and their respective standard errors did not exceed ± 3.29, (p < .001) Tabachnick & 
Fidell, 2007). Where appropriate, statistical results are reported with and without outlier(s). 
 
Baseline jet lag levels were skewed (control group: Skewness = 1.56, Skewness/SE = 3.66; 
intervention group: skewness = 1.47, skewness/SE = 3.51) However, as subjective jet lag 
levels are expected to be low at baseline (it may be argued that the data is „normally‟, 
positively skewed) and there is no alternative statistical test to a mixed between-within 
ANOVA, it was decided that this test would be used without carrying out data 
transformation.  
 
6.3.3 Reliability of the Questionnaires 
Internal reliability of the questionnaires was assessed using Cronbach‟s alpha. Table 1 
(Appendix 31) shows that reliability of the baseline questionnaires such as HO questionnaire 
(morningness-eveningness), brief COPE (coping strategies), IPQ-R (illness cognitions), and 
SSQ (social support) was high as previously demonstrated (Thun et al., 2012; Carver et al., 
1989; Moss-Morris et al., 2002; Sarason et al., 1983; Chalder et al., 1993). However, some 
baseline subscales were below the value of acceptance of .70 (Field, 2013). Alpha for the 
sleep and eating strategies subscales, environmental causes dimension, denial, acceptance, 
venting, self-distraction and active coping ranged between .31 and .68. Cronbach‟s alpha for 
the biological causes dimension was very low.  
 
Internal consistency for the multidimensional measure of jet lag was high across the three 
time points (Time 5 = baseline, Time 2 = first day off and Time 3 = second day off) as 
Cronbach‟s alpha ranged between .76 and .81. When the reliability of the three jet lag 
subscales (sleep performance, attitudes to a meal and mood/cognitive performance) was 
assessed, the „sleep performance‟ subscale at Times 2 and 3 and the „mood/Cognitive 
performance‟ subscale across time were found to be reliable:  ranged between .72 and .75. 
However, internal consistency for the „sleep performance‟ subscale at Time 1 and the 
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„attitudes to main meals‟ subscale across time was low: Cronbach‟s alpharanged between 
.36 and .56. 
 
6.3.4 Descriptive Data 
 
Baseline Characteristics of the Sample 
i) Demographics. Participants‟ demographics are presented in Table 6.7. The results showed 
that the majority of participants were female, British, living with a partner and no children 
and were neither evening nor morning types. The average age was 41.86 (SD = 9.82). Most 
participants did not have a supervisory role, were part-time and had been operating long-haul 
routes for 15.06 years (SD = 8.68). Most crew had had a trip towards the west (e.g. USA) 
with an average time change of -2.83 (SD = 6.24) and rated flying to the south (e.g. Africa) as 
easier in terms of the experience of fewer jet lag symptoms. The majority of the participants 
had three days off after their trip and conducted the study in the autumn/winter time 
(November-March).  
 
ii) Trip Characteristics. Table 6.8 shows the trip characteristics of the sample. The results 
show that the frequency of night-time flights was higher for the inbound sectors (back to the 
UK) than for the outbound sectors (UK to destination). The average time of arrival at 
destination was 24.38 decimal time (00:23 h) whereas the average time of arrival back in the 
UK was 11.25 decimal time (11:15 h). Average duty times were 12.23 decimal time (12:14 h) 
for the outbound sectors and 11.55 decimal time (11:33 h) for the inbound sectors. 
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Table 6.7 
Participants’ Demographics (N = 61)  
 
aIn this category 14 participants (93.3%) preferred westward travel - East Coast USA, 1 (6.7%) preferred westward travel - West Coast 
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Table 6.8 
Participants’ Trip Characteristics (N = 61)  
 
Note. Time is represented as decimal hour. Trip schedules are planned.  
 
iii) Work Preparation Strategies. Table 6.9 summarises the sample‟s work preparation 
strategies. Overall, crew used sleep strategies more frequently than they did eating strategies. 
The most frequently reported strategy for sleep was avoiding using sleeping pills followed by 
napping before an outbound night flight and avoiding using alcohol as a sleeping aid. The 
least used sleep strategy was ensuring the bedroom is dark before sleep. Among the eating 
strategies, overall, avoiding caffeine within four hours before bed was the most adopted 
strategy whereas the least used strategy was interrupting sleep to eat at regular meal times. 
Appendix 32 contains descriptive statistics for the individual work preparation strategies 
  
 
 
 
(N  = 61) (n  = 30) (n  = 31)
Trip report time M = 12.68 12.40 12.96 -0.67 59 .51
SD = 3.30 3.23 3.37
Trip length M = 3.75 3.83 3.68 0.6 59 .55
SD = 1.01 0.95 1.077
Outbound night/day
    Daytime n = 24.00 13 11 0.13 .72
% = 39.3 43.30 35.50
    Nighttime n = 37.00 17 20
% = 60.7 65.70 64.50
Outbound departure time M = 14.15 13.85 14.45 -0.72 59 .47
SD = 3.23 3.15 3.32
Outbound arrival time M = 24.38 24.08 24.67 -0.67 59 .51
SD = 3.41 3.09 3.73
Outbound flight duty time M = 12.23 12.23 12.22 0.03 59 .98
SD = 1.21 1.21 1.21
Inbound night/day
    Daytime n = 1.00 0 1 0.001 1.00
% = 1.6 0.00 3.20
   Nighttime n = 60.00 30 30
% = 98.4 100 96.8
Inbound departure time M = 25.46 25.23 25.69 -0.56 59 .58
SD = 3.19 3.00 3.38
Inbound arrival time M = 11.25 10.71 11.78 -1.34 59 .19
SD = 3.07 2.73 3.41
Inbound duty time M = 11.55 11.26 11.85 -1.27 59 .21
SD = 1.83 1.85 1.81
pAll 
Control 
group
Intervention 
group
t /χ2 df
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Table 6.9 
Descriptive Statistics for Work Preparation Strategies (N = 61) 
 
 
iv) Illness Perceptions. The sample‟s perceptions of jet lag are illustrated in Table 6.10. 
Overall, the sample showed strong beliefs about the identity of jet lag, a good understanding 
of the condition and a positive belief that it can be controlled despite its cyclical nature. On 
average, the sample perceived jet lag to be temporary with minor consequences and little 
emotional impact. In terms of causal attributions, the belief that jet lag is caused by biological 
factors was marginally stronger than perceived psycho-behavioural and environmental causal 
factors of jet lag. 
 
Table 6.10 
Descriptive Statistics for Illness Perceptions of Jet Lag (IPQ-R scale) (N = 61) 
 
No
Some-
what
Yes No
Some-
what
Yes
M,              
SD
No
Some-
what
Yes
M,              
(SD)
t(df = 59) p
Sleep strategies n  = 18 10 33 9 5 16 3.43 9 5 17 3.39 0.35 .73
% = 29.5 16.4 54.1 30 16.7 53.3 0.45 29.1 16.1 54.8 (0.51)
Eating strategies n  = 27 11 23 12 6 12 2.99 15 5 11 2.71
% = 44.3 18.0 37.7 40 20 40 0.69 48.3 16.2 35.5 (0.66) 1.61 .11
All N  = 61 Control group n  = 30 Intervention group n  = 31
Baseline Variables No
Some-
what
Yes No
Some-
what
Yes M SD No
Some-
what
Yes M SD
t 
df=58
p
Jet Lag (14 items)
a
n  = 61 42 17 2 21 8 1 2.22 0.63 21 9 1 2.27 0.64 -0.30 .77
% = 99 68.9 27 3.3 70.0 26.7 3.3 67.7 29 3.3
Jet Lag n  = 60 49 7 4 24 4 1 1.52 0.87 25 3 3 1.61 1.02 -0.39 .70
% = 100 81.7 11.7 6.7 82.8 13.8 3.4 80.6 9.7 9.7
Fatigue n  = 60 44 9 7 21 6 2 1.93 0.96 23 3 5 2.13 1.28 -0.67 .50
% = 100 73.3 15.0 11.7 72.4 20.7 6.9 74.2 9.7 16.1
Sleep difficulties n  = 60 31 23 6 18.00 9.00 2.00 2.18 0.71 13 14 4 2.27 0.83 -0.43 .67
% = 100 51.7 38.3 10.0 62.1 31.0 6.9 41.9 45.2 12.9
Negative attitudes to a meal n  = 60 29 24 7 11.00 15.00 3.00 2.48 0.91 18.00 9.00 4.00 2.27 0.83 0.33 .74
% = 100 48.3 40.0 11.7 37.9 51.7 10.3 58.1 29.0 12.9
Negative mood/bognitive performance n  = 60 41 14 5 20.00 6.00 3.00 2.18 0.91 21.00 8.00 2.00 2.09 0.95 0.41 .69
% = 100 68.3 23.3 8.3 69.0 20.7 10.3 67.7 25.8 6.5
Bowel frequency 1-5 very
b
n  = 60 22 24 14 7.00 16.00 6.00 2.90 0.94 15.00 8.00 8.00 2.58 1.41 1.03 .31
% = 100 36.7 40.0 23.3 24.1 55.2 20.7 48.4 25.8 25.8
Altered bowel consistency (loose/hard) n  = 60 34 15 11 16.00 8.00 5.00 2.41 1.21 18.00 7.00 6.00 2.29 1.37 -0.37 .71
% = 100 56.7 25.0 18.3 55.2 27.6 17.2 58.1 22.6 19.4
Sleepiness after dinner n  = 60 19 13 28 9.00 6.00 14.00 3.07 1.16 10.00 7.00 14.00 3.16 1.21 0.38 .77
% = 100 31.7 21.7 46.7 31.0 20.7 48.3 32.3 22.6 45.2
Sleep Efficiency ˂ 85% ≥85% ˂ 85% ≥85% 87.74 92.29 ˂ 85% ≥85% 86.62 11.93 -0.41 .69
n  = 60 26.00 34.00 13.00 16.00 13.00 18.00
% = 100 43.3 56.7 44.8 55.2 41.9 58.1
Objective Alertness Low Med High Low Med High Low Med High
PVT – mean speed (1/RT) n  = 9 34 14 7 15 6 3.48 0.67 2 19 8 3.75 0.53 -1.71 .09
(Control n = 28, Intervention n = 29) % = 15.8 59.6 24.6 2.5 53.6 21.4 6.9 65.5 27.6
PVT time of completion 20.55 1.15 21.34 1.84 -1.93 .06
Intervention group n  = 31Control group n  = 29All N  = 61
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v) Coping. Table 6.11 shows descriptive statistics for coping strategies. Overall, the use of 
problem-focused coping strategies was markedly higher than emotion-focused coping 
strategies. Planning (83.6%) active coping (82%) and acceptance (79.5%) were among the 
most frequently used problem-focused strategies. On the other hand, religion had low 
utilization rates: 63.9% of the sample reported never/rarely using this strategy. Self-blame and 
self-distraction were the most used emotion-focused coping strategies (51.6% and 48.4%) 
compared to denial, behavioural disengagement and substance use which showed very low 
frequency of use (respectively: 11.5%, 9% and 6.5%).  
 
Table 6.11 
Descriptive Statistics for Coping Strategies (N = 61) 
 
 
vi) Social Support. Table 6.12 summarises the descriptive statistics for perceived support. In 
general, participants reported satisfaction with social support, provided on average by one to 
three supportive others (range: 1 – 7.76). 
 
Coping Strategies No
Some-
what
Yes No
Some-
what
Yes M SD No
Some-
what
Yes M SD
Problem-focused coping
Planning n  = 0 10 51 0 5 25 3.25 .64 0 5 26 3.31 .68
% = 0.0 16.4 83.6 0.0 16.7 83.3 0.0 16.1 83.9
Active coping n  = 1 10 50 0 5 26 3.45 .62 1 6 25 3.23 .62
% = 1.6 16.4 82.0 0.0 15.0 85.0 3.2 17.7 79.0
Use of instrumental support n  = 3 22 36 1 5 25 3.10 .77 2 6 24 2.56 .87
% = 4.9 36.1 59.0 3.3 15.0 81.7 4.8 17.7 77.4
Emotion-focused coping
(Approach) Acceptance n = 2.5 5 48.5 1 7 22 3.15 .67 3 9 20 3.05 .70
% = 4.1 8.2 79.5 3.3 23.3 73.3 8.1 29.0 62.9
Positive reframing n  = 3.5 16 41.5 0 8 22 3.00 .74 4 13 15 2.89 .92
% = 5.7 26.2 68.0 0.0 26.7 73.3 11.3 41.9 46.8
Use of emotional support n  = 3.5 21 36.5 0 9 22 3.15 .76 3 14 15 2.61 .91
% = 5.7 34.4 59.8 0.0 28.3 71.7 9.7 43.5 46.8
Humour n  = 13 18 30 3 11 17 2.62 .75 10 8 14 2.24 .99
% = 21.3 29.5 49.2 10.0 35.0 55.0 32.3 24.2 43.5
Religion n  = 39 14.5 7.5 20 8 3 1.45 .56 20 7 5 1.55 .76
% = 63.9 23.8 12.3 65.0 26.7 8.3 62.9 21.0 16.1
(Avoidance) Self-blame n  = 8.5 21 31.5 4 12 15 2.62 .89 5 10 17 2.65 1.00
% = 13.9 34.4 51.6 11.7 38.3 50.0 16.1 30.6 53.2
Self-distraction n = 10 16.5 29.5 3 9 19 2.70 .70 7 8 16 2.52 .91
% = 16.4 27.0 48.4 10.0 28.3 61.7 22.6 25.8 51.6
Venting n  = 14.5 22 19.5 5 9 17 2.58 .78 10 14 8 2.06 .81
% = 23.8 36.1 32.0 16.7 28.3 55.0 30.6 43.5 25.8
Denial n  = 44 10 7 21 7 3 1.45 .69 24 4 4 1.40 .69
% = 72.1 16.4 11.5 68.3 21.7 10.0 75.8 11.3 12.9
Behavioural disengagement n  = 42 13.5 5.5 21 7 3 1.42 .59 22 7 3 1.42 .67
% = 68.9 22.1 9.0 68.3 23.3 8.3 69.4 21.0 9.7
Substance use n  = 38.5 18.5 4 21 9 1 1.35 .53 18 10 3 1.52 .65
% = 63.1 30.3 6.6 68.3 28.3 3.3 58.1 32.3 9.7
Control group n  =  30 Intervention group n  = 31All N  = 61
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Table 6.12 
Descriptive Statistics for Social Support (SSQS and SSQN)(N = 61) 
 
 
v) Jet Lag. The baseline means for subjective jet lag and its symptoms as well as subjective 
sleep efficiency and objective alertness are presented in Table 6.13. The results showed that 
overall, the majority of participants did not report the presence of jet lag symptoms at 
baseline.  However, a considerable number of participants (40%) rated their mood/cognitive 
performance to be somewhat reduced. Similarly, 38.3% of the sample rated their sleep as 
being „a bit‟ problematic (e.g. difficulty initiating/maintaining sleep and waking alertness).  
Overall, however, subjective sleep efficiency was 85% or more (< 85% is a cut off measure 
used to diagnose insomnia in clinical settings, Morin 1993).  Despite reporting being sleepy 
after dinner, for the majority of the sample objective alertness was medium.   
 
6.3.5 Randomisation Check 
The success of randomisation was assessed in terms of differences in demographic and trip 
characteristics as well as baseline subjective jet lag and objective alertness between the 
control and intervention groups. Tables 6.7, 6.8, 6.9 and 6.13 show that there were no 
differences between participants in the control and intervention groups, meaning that 
randomisation was successful.  
 
 
 
 
 
 
 
 
 
 
 
Social Support No
Somewhat 
dissatisfied
Somewhat 
satisfied
Yes No
Somewhat 
dissatisfied
Somewhat 
satisfied
Yes M SD No
Somewhat 
dissatisfied
Somewhat 
satisfied
Yes M SD
 Perceived Support
  Satisfaction with support n  = 1 0 2 58 0 0 1 29 5.65 0.40 1 0 1 29 5.50 0.57
% = 1.6 0.0 3.3 95.1 0 0 0.3 96.7 3.2 0 3.2 93.6
  Number of supportive people 0 < 4 4 to 9 0 < 4 4 to 9 0 < 4 4 to 9
n  = 1 31 29 15 15 3.89 1.72 1 16 14 3.53 1.81
% = 1.6 50.8 47.5 50 50 3.2 51.6 45.2
  
All N =61 Control group n  = 30 Intervention group n  = 31
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Table 6.13 
Descriptive Statistics for Baseline Measures of Subjective Jet Lag, Subjective Sleep Efficiency 
and Objective Alertness 
 
a df=58.98. For descriptive purposes, jet lag multidimensional scores are grouped as follows (No = 1 - 2.49; Somewhat = 
2.50-3.49; Yes = 3.50-5). Bowel frequency is excluded. b Somewhat = 'normal level', df=52,56 
 
6.3.6 Impact of the Implementation Intention Intervention  
The potential effects of forming implementation intentions (eating regular meals on days off) 
on changes in outcome variables across three time points were tested using mixed ANOVA. 
The between-participant factor was condition with two levels (0 = control vs. 1 = intervention 
group) and the within-participant factor was time (Time 1 = baseline; Time 2 = first day off; 
Time 3= second day off). As shown in Table 6.14, the outcome variables were: i) Reported 
levels of jet lag as a multidimensional measure (14 items), ii) Subjective jet lag as a 
unidimensional measure and the high level jet lag symptoms (fatigue (one item), sleep 
performance (four items), attitudes to main meals (three items), mood/cognitive performance 
(three items), bowel frequency (one item) and bowel consistency (one item) sleepiness after 
dinner (one item) and sleep efficiency) iii) Objective alertness (reaction time performance 
(1/RT) on the PVT = Psychomotor Vigilance Task), and iv) Low level outcome measures as 
the single items in the jet lag subscales (high levels measures). Sleep performance included: 
ease of falling asleep; sleep quality, number of awakenings, waking alertness. Attitudes to 
Baseline Variables No
Some-
what
Yes No
Some-
what
Yes M SD No
Some-
what
Yes M SD
t 
df=58
p
Jet Lag (14 items)
a
n  = 61 42 17 2 21 8 1 2.22 0.63 21 9 1 2.27 0.64 -0.30 .77
% = 99 68.9 27 3.3 70.0 26.7 3.3 67.7 29 3.3
Jet Lag n  = 60 49 7 4 24 4 1 1.52 0.87 25 3 3 1.61 1.02 -0.39 .70
% = 100 81.7 11.7 6.7 82.8 13.8 3.4 80.6 9.7 9.7
Fatigue n  = 60 44 9 7 21 6 2 1.93 0.96 23 3 5 2.13 1.28 -0.67 .50
% = 100 73.3 15.0 11.7 72.4 20.7 6.9 74.2 9.7 16.1
Sleep difficulties n  = 60 31 23 6 18.00 9.00 2.00 2.18 0.71 13 14 4 2.27 0.83 -0.43 .67
% = 100 51.7 38.3 10.0 62.1 31.0 6.9 41.9 45.2 12.9
Negative attitudes to a meal n  = 60 29 24 7 11.00 15.00 3.00 2.48 0.91 18.00 9.00 4.00 2.27 0.83 0.33 .74
% = 100 48.3 40.0 11.7 37.9 51.7 10.3 58.1 29.0 12.9
Negative mood/bognitive performance n  = 60 41 14 5 20.00 6.00 3.00 2.18 0.91 21.00 8.00 2.00 2.09 0.95 0.41 .69
% = 100 68.3 23.3 8.3 69.0 20.7 10.3 67.7 25.8 6.5
Bowel frequency 1-5 very
b
n  = 60 22 24 14 7.00 16.00 6.00 2.90 0.94 15.00 8.00 8.00 2.58 1.41 1.03 .31
% = 100 36.7 40.0 23.3 24.1 55.2 20.7 48.4 25.8 25.8
Altered bowel consistency (loose/hard) n  = 60 34 15 11 16.00 8.00 5.00 2.41 1.21 18.00 7.00 6.00 2.29 1.37 -0.37 .71
% = 100 56.7 25.0 18.3 55.2 27.6 17.2 58.1 22.6 19.4
Sleepiness after dinner n  = 60 19 13 28 9.00 6.00 14.00 3.07 1.16 10.00 7.00 14.00 3.16 1.21 0.38 .77
% = 100 31.7 21.7 46.7 31.0 20.7 48.3 32.3 22.6 45.2
Sleep Efficiency ˂ 85% ≥85% ˂ 85% ≥85% 87.74 92.29 ˂ 85% ≥85% 86.62 11.93 -0.41 .69
n  = 60 26.00 34.00 13.00 16.00 13.00 18.00
% = 100 43.3 56.7 44.8 55.2 41.9 58.1
Objective Alertness Low Med High Low Med High Low Med High
PVT – mean speed (1/RT) n  = 9 34 14 7 15 6 3.48 0.67 2 19 8 3.75 0.53 -1.71 .09
(Control n = 28, Intervention n = 29) % = 15.8 59.6 24.6 2.5 53.6 21.4 6.9 65.5 27.6
PVT time of completion 20.55 1.15 21.34 1.84 -1.93 .06
Intervention group n  = 31Control group n  = 29All N  = 61
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main meals included: hunger, palatability, feeling bloated. Mood/cognitive performance: 
included: concentration, motivation, irritability. 
 
Checking the Assumptions of ANOVA 
Except for number of waking episodes (T1), concentration (T2), Irritability (T2) and bowel 
frequency (T1), none of the variables violated the Levene‟s test of equality of error variance, 
indicating that the variance of the outcome variables across the groups was equal. For the 
variables that violated the assumption of homogeneity of variance, a more stringent 
significance level (e.g. .01) was used.  
 
Main Effect of Condition   
Table 6.14 shows there were no significant main effects of condition for subjective jet lag as 
a multidimensional measure and for most high and low level measures of subjective jet lag 
such as fatigue, sleep performance, attitudes to main meals, mood/cognitive performance, 
sleepiness after dinner and sleep efficiency. 
 
However, there were significant main effects of condition for jet lag as unidimensional 
measure and objective alertness (PVT speed 1/RT. Overall, means indicate that participants 
in the intervention group reported lower levels of jet lag and were objectively more alert 
(faster PVT) than participants in the control condition.  
 
Main Effect of Time   
The results showed no significant main effects of time for number of awakenings at night, 
hunger, feeling bloated, frequency of bowel activity and objective alertness (PVT speed). 
However, there were significant main effects of time for jet lag as unidimensional and 
multidimensional measures. There were also  main effects of time for some high and low 
levels measures of jet lag such as fatigue,  sleep difficulties, negative attitudes to main meals 
and reduced mood/cognitive performance, sleepiness after dinner, altered bowel consistency, 
difficulty falling asleep, reduced waking alertness, palatability, concentration, motivation and  
irritability. Means indicate that jet lag and the above symptoms varied significantly across the 
three time periods. That is, for both the control and intervention groups, symptoms were 
worse post-flight (Time 2) compared to pre-flight (Time 1). With the exception of sleep 
difficulties, the report of symptoms decreased at Time 3 (Day off 2) when compared to Times 
1 and 2.  
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Condition by Time Interactions 
The results (Figure 6.2 and Table 6.14) showed a significant condition x time interaction for 
jet lag as a unidimensional measure F(2, 116) = 3.10, p = .049, p

 = .05, representing a small 
effect. Post-hoc analysis revealed that although both groups showed comparable jet lag levels 
at baseline, participants in the intervention condition had significantly lower levels of jet lag 
than participants in the control condition at Time 2 and at Time 3 t(58) = 2.24, p = .03, η2 .08, 
representing a medium effect  and t(58) = 2.18, p = .03, η2 .05, representing a small effect. 
The results indicate that forming implementation intentions about eating regular meals on 
days off is associated with lower levels of subjective jet lag during recovery days (Times 2 
and 3). No significant condition by time interactions were found for jet lag multidimensional, 
fatigue,  sleep difficulties, negative attitudes to main meals, reduced mood/cognitive 
performance, sleepiness after dinner, altered bowel consistency and frequency, sleep 
efficiency and PVT.   
 
 
 
Figure 6.2. Significant Condition x Time interaction for subjective jet lag as unidimesional 
measure pre-trip (Time 1) and post-layover recovery Days 1 and Day 2 (Times 2 and 3).  
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Table 6.14 
Effects of Intervention (N = 60) 
 
Note. Higher scores represent higher perception of the symptom or negative attitudes except for bowel 
frequency where low and high scores represent altered bowel frequency. For PVT scores, higher scores 
represent higher speed.  
a
 df/Error = 1,58. 
b
df/Error = 2,116. 
c
df/Error = 1.78,103.49. 
d
df/Error = 1.77,102.81. 
e
df/Error = 1,55 (Cond/Time); 2,110 (C x T).  
 
 
Outcome Variable M.E. M.E. M.E.
T1 T2 T3 T1 T2 T3 Cond
a ηp2 Timeb ηp2 C x Tb ηp2
Jet Lag (14 items)
c M = 2.26 2.89 2.63 2.27 2.78 2.71 F = 0.004 0.001 22.71 0.28 0.64 .01
SD = .60 .65 .55 .64 .64 .65 p = .95 .001 .51
Jet Lag M = 1.52 3.48 2.79 1.61 2.77 2.19 F = 4.34 0.07 40.26 0.41 3.10 .05
SD = 0.87 1.21 1.15 1.02 1.23 0.98 p = .04 .001 .05
Fatigue M = 1.93 3.48 3.10 2.13 3.45 3.10 F = 0.06 0.001 29.00 0.33 0.21 .004
SD = 0.96 1.18 1.15 1.28 1.34 1.30 p = .81 .001 .81
Sleep difficulties M = 2.18 2.32 2.60 2.27 2.31 2.52 F = 0.001 0.001 3.09 0.05 0.19 .003
SD = 0.71 0.86 0.91 0.83 0.94 .1.08 p = .99 .05 .83
- Difficulty falling asleep M = 2.17 2.31 2.90 2.10 2.03 2.55 F = 0.88 0.15 4.19 0.07 0.19 .003
SD = 1.17 1.44 1.45 1.27 1.45 1.60 p = .35 .02 .82
- Poor sleep quality M = 2.21 1.93 2.41 2.29 1.90 3.35 F = 0.001 0.001 2.90 0.05 0.07 .001
SD = 1.05 1.03 1.12 1.16 1.17 1.38 p = 1.00 .06 .93
- No of awakenings M = 1.93 2.03 2.28 2.55 2.26 2.39 F = 1.87 0.03 0.45 0.01 0.92 .02
SD = 0.89 1.05 1.39 1.34 1.37 1.39 p = .18 .64 .40
- Poor waking alertness M = 2.41 3.00 2.83 2.13 3.06 2.77 F = 0.18 0.003 8.54 0.13 0.44 .008
SD = 1.09 1.13 1.07 1.13 1.16 1.34 p = .68 .001 .64
Negative attitudes to main meals
d M = 2.48 2.97 2.52 2.41 2.77 2.68 F = 0.05 0.001 6.20 0.10 1.12 .02
SD = 0.91 0.87 0.72 0.84 0.77 0.54 p = .82 .001 .33
- Low hunger M = 2.79 3.24 2.62 2.74 3.00 3.23 F = 0.22 0.004 1.60 0.03 2.53 .04
SD = 1.29 1.22 0.98 1.21 1.46 1.18 p = .64 .21 .08
- Low palatability M = 2.07 2.62 2.38 2.19 2.55 2.42 F = 0.03 0.001 4.58 0.07 0.22 .004
SD = 0.92 1.08 1.02 0.91 1.14 0.96 p = .88 .01 .81
- Feeling bloated M = 2.59 3.03 2.55 2.29 2.77 2.40 F = 1.00 0.02 3.99 0.64 0.09 .002
SD = 1.38 1.27 1.32 1.27 1.26 1.20 p = .32 .27 .92
Poor mood/cognitive performance M = 2.18 3.01 2.34 2.09 2.85 2.66 F = 0.01 0.001 16.51 0.31 1.72 .08
SD = 0.91 0.79 0.65 0.95 1.00 1.08 p = .92 .001 .19
- Low concentration M = 2.10 3.03 2.34 2.13 2.84 2.71 F = 0.10 0.002 13.35 0.19 1.58 .03
SD = 0.98 0.94 0.86 1.09 1.19 1.32 p = .76 .01 .21
- Low motivation M = 2.34 3.17 2.41 2.16 3.00 2.84 F = 0.01 0.001 9.59 0.15 1.72 .03
SD = 1.29 1.10 0.87 1.19 1.27 1.29 p = .92 .001 .19
- Irritability M = 2.10 2.83 2.28 1.97 2.71 2.42 F = 0.03 0.001 8.18 0.12 0.37 .006
SD = 1.12 1.07 0.88 1.30 1.04 1.31 p = .86 .001 .69
Bowel activity 
- Frequency M= 2.90 3.07 3.03 2.58 2.48 2.52 F= 3.60 0.06 0.04 0.01 0.39 .007
SD= 0.94 1.19 1.15 1.41 1.18 1.24 p= .06 .96 .68
- Altered consistency M= 2.41 2.76 2.38 2.29 2.90 3.10 F= 0.85 0.01 3.99 0.06 2.85 .05
SD= 1.21 1.38 1.05 1.37 1.37 1.42 p= .36 .02 .06
Sleepiness M= 3.07 3.55 3.55 3.16 3.65 3.52 F= 0.05 0.001 3.48 0.06 0.07 .001
SD= 1.16 1.18 1.27 1.21 1.25 1.26 p= .82 .05 .46
Sleep Efficiency% M= 87.74 91.00 85.60 86.22 86.86 83.54 F= 1.10 0.02 2.89 0.05 0.36 .006
SD= 9.29 8.29 14.10 11.83 13.20 14.60 p= .30 .06 .70
PVT speed
e M= 3.48 3.53 3.46 3.75 3.94 3.93 F= 7.36 0.12 1.19 0.02 0.81 .01
 (Control n = 28/ Intervention n = 29) SD= 0.67 0.70 0.71 0.53 0.62 0.59 p= .01 .31 .45
Control  n  = 29 Intervention  n  = 31
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6.3.7 Predicting Primary Outcomes (Jet Lag, Fatigue and PVT scores) at T3 (Recovery) 
As a means to explore the role of intervention, demographics/trip characteristics and process 
variables at baseline in predicting primary outcomes (subjective jet lag as unidimensional 
measure, jet lag as multidimensional measure and fatigue at Time 3 (Day off 2) partial 
correlations for screening (controlling for jet lag and fatigue at T1) followed by standard 
hierarchical multiple regression analyses were carried out. Step one included control 
variables: jet lag and fatigue at T1. Step 2 included any significant profile variables and 
process variables.  
 
The significant correlations between baseline and outcome variables are presented in Tables 
6.15 to 6.18. As not all significant variables can be entered in the model (about 10 to 15 
participants for each variable entered), for the present study the baseline variables 
(demographic/trip factors and process variables) with the largest effect size (≥ .30) were 
entered into the hierarchical multiple regression analyses except for objective alertness. For 
the latter „time of day‟ was entered with a lower effects size (r =.27) as it represented the 
influence of circadian phase on performance. These were selected as „independent variables‟ 
and subjective jet lag, fatigue and objective alertness at Time 3 were selected as „dependent 
variables‟.  
 
Table 6.15 
Significant Correlations Between Demographic/Trip Factors, Process Variables and 
Subjective Jet Lag as Unidimensional Measure at Time 3 (N = 60) 
    Baseline variables ( N = 60) M SD Jet lag uni. T3 
        
Jet lag unidimensional T3 2.48 1.10 - 
Time cyclical 3.33 0.86 .37** 
Morningness-Eveningness 53.53 10.60 -.31* 
Condition 0.52 0.50 -.30* 
Planned outbound duty time 12.26 1.17 .28* 
Consequences 2.74 0.82 .23, p = .08 
        
* p < .05. **p < .01.  
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Table 6.16 
Significant Part Correlations Between Demographic/Trip Factors, Process Variables and 
Subjective Jet Lag as Multidimensional Measure at Time 3 (N = 60) 
    Baseline variables ( N= 60) M SD Jet lag multi. T3 
        
Jet lag multidimensional T3 2.48 1.10 - 
Planned inbound departure time 25.43 3.19 -.35** 
Identity 12.37 3.30 .31* 
Environmental causes 12.26 1.17 .29* 
Time cyclical 3.33 0.86 .29* 
        
* p < .05. **p < .01.  
 
Table 6.17 
Significant Part Correlations Between Demographic/trip Factors, Process Variables and 
Subjective Fatigue at Time 3 (N = 60) 
    
Baseline variables ( N = 60) M SD Fatigue T3 
    
Fatigue T3 3.10 1.22 - 
Identity 12.37 3.30 .27* 
Time cyclical 3.33 0.86 .25, p = .06 
Consequences 2.74 0.82 .25, p = .06 
    
* p < .05.  
 
Table 6.18 
Significant Part Correlations Between Demographic/trip Factors, Process Variables and 
Objective Alertness at Time 3 (N = 57) 
    Variables ( N = 57) M SD PVT 
    
PVT (1/RT) 3.70 0.69 - 
Gender (female - male) 0.19 0.40 -.39** 
Contract (part-time - full time) 12.92 2.46 -.28* 
Time of day (T2) 21.51 1.81 -.27* 
Device (iPhone -  iPad) 0.35 .48 -.27* 
Role (main crew - supervisory) 0.40 0.49 -.27* 
Substance Use 1.42 0.59 -.25, p = .06 
Condition (control - experimental) 0.51 0.50 .20, p = .14 
    * p < .05. **p < .01. 
 
Checking the Assumptions of Multiple Regression 
i) Multicollinearity. In the present study multicollinearity was not a problem for any of the 
regression analyses carried out as none of the process variables were highly correlated (e.g. 
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above .80), the variance inflation factors (VIFs) were smaller than 10 and tolerance values 
were greater than.10 (Tabachnick & Fidell, 2007).  
 
ii) Outliers. No multivariate outliers were found. This was confirmed by the diagnostic tests 
and graphs of the regression analyses which showed there were no cases with standard 
residuals greater than 3 or less than -3 and Mahalanobis distance values greater than χ2 (2) = 
13.82, χ2 (3) = 16.27,  χ2 (4) = 18.47 (Tabachnick & Fidell, 2007). In addition, there were no 
cases with Cook‟s distance values larger than 1 indicating that no case had undue influence 
on the results. 
 
iii) Linearity and homoscedasticity. This assumption was checked by inspecting the 
scatterplots of standardised residuals. For subjective jet lag as unidimensional measure and 
subjective fatigue, the standardised residuals were not randomly distributed suggesting this 
assumption was violated (Figures 3 and 6, Appendix 33). Also, the normal probability plot 
and residuals‟ histogram (Figures 1, 2 and 5, Appendix 33) indicated some deviation from 
normality. Bootstrapping was used to address potential bias and invalidating significance 
tests. (see Chapters 3.3.7 and 5.3.9).  Finally, the assumptions that errors are independent are 
tested by the Durbin-Watson test. The values of 2.20 (subjective jet lag as unidimensional 
measure), 1.60 (jet lag as multidimensional measure), 2.39 (subjective fatigue) and 1.60 
(objective alertness) in the Durbin-Watson test indicate that there is no serial correlation 
within the regression residuals (Table A-1, Models with an intercept, 1 per cent significance 
points of dL and dU, Durbin and Watson, 1951). 
 
Predicting Jet Lag as Unidimensional Measure at Time 3 
The first step included the control variable: jet lag (unidimensional) at baseline. The results 
(Table 6.19) showed that jet lag at baseline (β = .29, p < .05) accounted for 8% of the total 
variance in jet lag scores (R
2 
= .08, Adj R
2
 = .07, F(1, 58) = 5.21, p < .05. The addition of 
morningness-eveningness, condition and time cyclical to the regression model explained an 
additional 23% of the variation in jet lag scores and resulted in the loss of significance of jet 
lag at baseline. Time cyclical (β = .25, p < .05), condition (β = -.25, p <.05) and morningness-
eveningness (β = -.23, p < .05) were equal predictors of subjective jet lag at Time 3 (R2 = .31, 
Adj R
2
 = .26, F(4, 55) = 6.11, p < .001). This indicated that a reduction in perceived jet lag on 
crew‟s second day off was predicted by formulating a meal plan at baseline to eat regular 
meals on days off and preference for morning hours. On the other hand, an increase in 
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perceived jet lag was predicted by greater negative perception about the cyclical time course 
of jet lag.  
 
Table 6.19 
Predictors of Subjective Jet lag as Unidimensional Measure at Time 3, with 95% Bias 
Corrected and Accelerated Confidence Intervals. Confidence Intervals and Standard Errors 
Based on 1000 Bootstrap Samples (N = 60) 
 
Note. ΔF =  5.97, p < .01 for Step 2. * p < .05.  
 
Predicting Jet Lag as Multidimensional Measure at Time 3 
The first step included the control variable: jet lag (multidimensional) at baseline. The results 
(Table 6.20) showed jet lag at baseline (β = .56, p < .001) accounted for 31% of the total 
variance (R = .56, R
2 
= .31, Adj R
2
 = .30, F(1, 58) = 26.52, p < .001. The addition of planned 
inbound departure time and identity explained an additional 14 % of the variance in jet lag 
scores (R
2
 = .45, Adj R
2
 = .43, F(3, 56) = 15.51,  p < .001) with jet lag at T1 (β = .51, p < 
.001), planned inbound departure time (β = -.27, p < .01) and identity (β =.25, p < .05) 
emerging as significant predictors of jet lag. This meant that with all variables taken into 
account, an increase in the multidimensional measure of jet lag on crew‟s second day off was 
best predicted by increased perceived jet lag at baseline. Later planned departure time to 
return to the UK predicted decreased jet lag levels whereas a strong belief about the identity 
of jet lag predicted an increase in perceived jet lag on crew‟s second day off. However, these 
predictors were less significant.  
 
 
 
 
Outcome Variable T3 N b SE β R
2
ΔR
2
Jet lag unidimensional 60 Step1 .08
1.96 1.43, 2.49 0.27
0.33 0.05, 0.63 0.14 .29*
Step2 .31 .23
  Constant 2.65 0.50, 4.76 0.99
0.22 -0.03, 0.50 0.14 .19
-0.02 -0.05, 0.01 0.01 -.23*
  Condition -0.54 -1.01, -0.12 0.24 -.25*
0.32 0.02, 0.59 0.16   .25*
95% CI
  Time cyclical
  Jet Lag  T1
  M-E
Predicitor Variable
  Constant
  Jet Lag T1
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Table 6.20 
Predictors of Subjective Jet Lag as Multidimensional Measure at Time 3 (N = 60) 
 
Note. ΔF =  7.18, p < .01 for Step 2. * p < .05. **p < .01. ***p < .001. 
 
Predicting Fatigue at Time 3 
The first step included the control variable: fatigue at baseline. The results (Table 6.21) 
showed that subjective fatigue at T1 (β = .38, p < .01) accounted for 14% of the total variance 
(R
2 
= .14, Adj R
2
 = .13, F(1, 58) = 9.67, p < .01). Identity was the only correlate of fatigue 
and its addition in Step 2 increased the variance by 6 % (R
2 
= .20, Adj R
2
 = .18, F(2, 57) = 
7.27, p < .01). However, fatigue at baseline was the only predictor of subjective fatigue at 
Time 3 (β = .31, p < .05) indicating that increased fatigue on crew‟s second day was 
predicted by the perception of fatigue on the day before the flight.  
 
Table 6.21 
Predictors of Subjective Fatigue at Time 3 with 95% Bias Corrected and Accelerated 
Confidence Intervals. Confidence Intervals and Standard Errors Based on 1000 Bootstrap 
Samples (N = 60) 
 
Note. ΔF =  4.31, p < .05 for Step 2. * p < .05. **p < .01. 
 
 
 
Outcome Variable T3 N b SE β R
2
ΔR
2
Jet lag multidimensional 60 Step1 .31
1.45 .95, 1.94 0.25
0.54 0.33, 0.75 0.11 .56***
Step2 .45 .14
  Constant 2.31 1.18, 3.43 0.56
0.50 0.30, 0.69 0.10 .51***
-0.05 -0.08, 0.01 0.02 -.27**
  Identity 0.04 0.01, 0.08 0.02 .25*
  Jet Lag  T1
  Planned inbound departure time
Predicitor Variable
  Constant
  Jet Lag T1
95% CI
Outcome Variable T3 N b SE β R
2
ΔR
2
Fatigue 60 Step1 .14
2.28 1.64, 2.88 0.35
0.41 0.08, 0.75 0.16 .38**
Step2 .20 .06
1.26 0.25, 2.37 0.53
0.33 0.01, 0.71 0.16 .31*
0.09 0.01, 0.17 0.05 .25
  Fatigue T1
Predicitor Variable 95% CI
  Constant
  Constant
  Fatigue  T1
  Identity
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Predicting Objective Alertness at Time 3 
The first step included the control variable: objective alertness at T1.  The results (Table 
6.22) showed that in Step 1, objective alertness at T1 (β = .73, p < .001) accounted for 53% 
of the total variance in PVT scores (R
2 
= .53, Adj R
2
 = .53, F(1, 55) = 63.12, p < .001). The 
addition of gender (β = -.25, p < .01) and time of day at T3 increased the variance accounted 
by 10 % (R
2 
= .63, Adj R
2
 = .61, F(3, 53) = 29.75, p < .001), however, time of day did not 
uniquely contribute to the variance in objective alertness. Despite the fact that increased 
objective alertness was predicted by being female, overall objective alertness at T1 (β = .67, p 
< .001) emerged as the strongest predictor of objective alertness at T3.  
 
Table 6.22 
Predictors of Objective Alertness at Time 3 (N = 57) 
 
Note. ΔF =  6.62, p < .01 for Step 2. ** p < .01. ***p < .001. 
 
6.3.8 Summary of Main Results 
i) Mixed ANOVA showed a significant condition x time interaction F(2, 116) = 3.10, p 
= .049, p

 = .05) for unidimensional jet lag but not for multidimensional jet lag and 
objective alertness. In particular, the formation of an implementation intention to alter 
meal times resulted in a reduction of jet lag; 
ii) The formation of implementation intention did not have an effect on responses to 
meals during crew‟s days off; 
iii) The dietary intervention and morningness predicted a reduction in perceived jet lag 
(unidimensional) whereas a belief in the cyclical nature of jet lag predicted increased 
levels of jet lag (unidimensional) on crew‟s second recovery day. Together the three 
variables explained 31% of the variance in jet lag scores; 
iv) There was some evidence that illness cognitions such as identity and some profile 
variables (e.g. planned inbound departure time and gender) predicted subjective 
Outcome Variable T3 N b SE β R
2
ΔR
2
PVT speed 57 Step1 .53
0.95 0.26, 1.66 0.35
0.73 0.55, 0.92 0.09 .73***
Step2 .63 .09
2.96 1.15, 4.77 0.90
0.67 0.50, 0.85 0.09 .67***
  Gender -0.42 -0.71, -0.13 0.15 -.25**
  Time of day (T3) -0.06 -0.13, 0.01 0.03 -.16
Predicitor Variable 95% CI
  Constant
  PVT speed (T1)
  Constant
  PVT speed (T1)
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multidimensional jet lag, fatigue and objective alertness (Figure 6.10). However, 
perceived multidimensional jet lag, fatigue and objective alertness at baseline 
emerged as the strongest predictors indicating the chronic nature of such conditions.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.3. Best predictors of perceived jet lag, fatigue and objective alertness on crew‟s 
second recovery day. * p < .05. **p < .01. ***p < .001. 
6.4 Discussion 
The present study aimed to test the impact of an implementation intention-based intervention 
to reduce perceived jet lag (and related symptoms) as well as increase objective alertness 
(PVT speed) during crew‟s recovery days by improving regular meals. It also sought to 
assess the predictors of subjective jet lag, fatigue and objective alertness on crew‟s second 
recovery day amongst the following variables: intervention, profile and process variables.  
 
Perceived Jet Lag 
Unidimensional T3 
Perceived Jet Lag 
Multidimensional T3 
Perceived Fatigue 
T3 
Time cyclical  
Perceived Fatigue 
T1 
Planned Inbound 
Departure Time 
β = -.25* 
β = -.23* 
β = .51*** 
Morningness 
Perceived Jet Lag 
Multidimensional 
T1 
 
β = -.27** 
β = .25* 
Objective Alertness  
(Speed on PVT) 
T3 
   Identity 
     PVT T1 
β = .31* 
β = .67*** 
Intervention  
β = .25* 
   Gender 
β = -.25** 
  
236 
 
6.4.1 Effects of Implementation Intention-based Intervention 
The present study demonstrated that a simple meal plan to consume regular meals on days 
off, based on implementation intentions, could reduce subjective jet lag levels in a sample of 
long-haul cabin crew. The results could not be attributed to pre-intervention biases as 
responses to baseline measures did not differ significantly between the experimental and 
control groups. The implications of these findings are conceptual and practical. Firstly, 
consistent with Gollwitzer and Sheeran‟s meta-analysis (2006), the results showed that 
implementation intentions are effective ways of achieving goal attainment as shown by a 
growing body of evidence which support their ability to bring about health behaviour change, 
in particular, dietary change (Armitage, 2004; Armitage 2007; Chapman et al., 2009; 
Adriaanse et al., 2011). It is thought that making detailed plans linking anticipated 
opportunities and specific situations (e.g. where, when and how) with goal directed responses 
(e.g. regular meals), creates a mental representation of a particular situation that is highly 
activated and more easily accessible making it easier to act (Gollwitzer, 1999). As Gollwitzer 
argued, implementations intentions work by „passing the control of one‟s behaviour on to the 
environment‟ (1993, p. 173), a metaphor used to indicate the automaticity of the goal-directed 
behaviour controlled by situational cues. This way, self-regulatory problems associated with 
the initiation and distraction from goal-directed actions are overcome.  
 
Secondly, the findings are in line with growing evidence in animal research which suggests 
that the timing of food intake is critical for resetting the body clock (Hirao et al., 2010; 
Kuroda et al., 2012). Following abrupt shift to the LD cycle and eating patterns, an 
uncoupling of the master body clock driven by light and peripheral oscillators driven by the 
timing of food intake can occur exacerbating circadian desynchrony (Reddy et al., 2005). For 
example, Schoeller and colleagues (1997) demonstrated that plasma leptin was delayed by a 
shift in eating times rather than the LD cycle, indicating the two rhythms could uncouple. To 
this end, consumption of meals at the appropriate times with the LD cycle would help with 
the synchronisation of the circadian system (master clock and peripheral oscillators). 
However, caution should be used when interpreting the present results in terms of such 
evidence. Firstly, most of the evidence in animal research has been conducted on nocturnal 
rodents thus limiting the extension of explanations to human behaviour, despite the efforts to 
use humanised protocols in lab experiments. Secondly, the current study found an effect of 
intervention on a subjective measure of jet lag as opposed to circadian phase. As 
demonstrated in Chapter 4, post-flight there was no relationship between the two 
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measurements and this gap was indeed predicted by altered responses to meals. When the 
effects of dietary intervention were examined in relation to an objective measure of alertness 
(PVT), the results did not show an interaction effect between time and condition for speed on 
the PVT but only a condition effect indicating that the differences between the experimental 
and control groups may have been present pre-intervention. This was supported by the results 
of the randomisation check which showed a trend towards significance for responses to the 
PVT task at baseline (p = .09).  Further, it could be argued that circadian phase and speed on 
the PVT are not directly comparable. PVT is a measure of vigilance and attention which is 
sensitive to circadian disruption but also to fatigue effects and sleep deprivation and therefore 
it is only partly related to circadian phase.  
 
Nevertheless, the present results are in line with research showing a link between temporal 
feeding and improved jet lag ratings in humans. Reynolds and Montgomery (2002) 
demonstrated that alternating „feasting‟ on high-protein breakfasts and lunches and high-
carbohydrate dinners (carbohydrates prepare for sleep) and „fasting‟ (800 calories per day) 
reduced the report of jet lag and its symptoms after deployment of military personnel across 
time zones and after their return home. The Argonne diet was based on results from 
metabolic research to prevent circadian disruption in rodents and the notion that temporal and 
energy food restriction is able to reset the SCN in mice (Mendoza, 2005). Krauchi and 
colleagues (2002) also showed that a single morning carbohydrate-rich meal for three days 
was able to advance the BCT and heart rate rhythms under controlled constant routine 
conditions. Even though energy consumption and meal composition were not manipulated in 
the current study, the present results indicated that when we eat has important implications 
for feelings of wellbeing. A study (Garaulet et al., 2013) showing that the timing of meals 
influenced weight loss further lends support to the importance of food timing for health. This 
reflects a wealth of evidence that suggests that abrupt changes in the length of day 
experienced following transmeridian travel disrupts the timing of food intake with deleterious 
consequences for metabolic rhythms in humans (e.g. post-prandial responses, Hampton et al., 
1996; Ribeiro et al., 1998) and increased risk of developing metabolic syndrome in the long-
term (diabetes, cardiovascular disease and obesity, Chun et al., 2001;Waterhouse et al., 2003; 
Sharma & Schrivastava, 2004; Shibata et al., 2010; Baron et al., 2011; Buxton et al., 2012; 
McNeely et al., 2014). From a practical perspective, the present results showed that long-haul 
crew can benefit from a simple meal plan to eat regularly through an implementation 
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intentions based intervention which has the advantage of being self-directed, inexpensive to 
administer and not disruptive.  
 
Contrary to Reynolds and Montgomery‟s study (2002), the intervention did not have any 
effect on jet lag symptoms assessed separately, the multidimensional measure of jet lag (jet 
lag and symptoms) and PVT speed. Specifically, the finding that the meal plan did not have 
an effect on responses to main meals is in contrast with the hypothesis that eating meals at 
appropriate times of day would speed the recovery of hunger before, enjoyment after and 
satiety after meals and therefore improve jet lag ratings. When eating patterns are displaced 
during jet lag, meal responses are altered because the enjoyment associated with eating habits 
is also altered.  As past research has shown a link between time of day (influence of waking 
period and partly of circadian phase), meal type and its enjoyment (increased with cold snack 
= breakfast, small hot meal = lunch and large hot meal = dinner, Waterhouse et al., 2003; 
2004; 2005a), it was hypothesised that eating regularly may also restore the habit of eating a 
hot meal at lunch and dinner thus improving meal responses.  As lower than normal appetite 
predicted the gap between subjective jet lag and circadian phase change scores (Chapter 4), 
the expectation was that the meal plan would increase appetite before meals thereby reducing 
the gap between subjective jet lag and circadian phase. Although this could not be directly 
tested (circadian phase was not measured and cannot be represented by subjective jet lag 
post-flight as shown in Chapter 4), the lack of significant result for responses to meals, 
requires alternative explanations for the effect of meal plan on reported jet lag. One 
explanation could be that the meal plan had a direct effect on jet lag due to the nature of 
instructions.  Prior to the start of the study (Appendix 26), participants were given 
explanations of jet lag, fatigue and sleepiness to ensure that they could differentiate between 
them and identify jet lag as „feeling out of synch‟. Thus, it may be that eating regularly gave 
crew the impression of feeling less „out of synch‟ given that meals were consumed at 
appropriate times within the LD cycle. However, it may be that, as participants in the 
experimental condition were told in the instructions about the potential benefits of eating 
regular meals for reducing jet lag, a placebo effect cannot be ruled out.  That is, participants 
may have reported a reduction in jet lag simply because they expected that eating regularly 
would be beneficial to their wellbeing (Haas et al., 1959) without having any effect on related 
symptoms, in particular attitudes to meals. For example, Crum and colleagues (2001) 
demonstrated that subjects‟ mindset was able to affect ghrelin levels (hunger hormone). This 
indicated that the effects of food consumption (change in ghrelin levels) were mediated by 
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subjects‟ beliefs (Chapter 2.10.7), further evidence that perceptions are important mediators 
of health.  
 
Closer inspection of the between-day responses for hunger (Table 6.14), revealed an 
interesting pattern of responses for hunger despite the lack of significance. In the 
experimental group, perceived hunger was higher than the control group on the first recovery 
day but by the second recovery day, this pattern was the opposite: the control group showed 
higher levels of hunger than the experimental group. A similar pattern was observed for 
mood/cognitive performance, whereby, the slight improvement on the first recovery day in 
the intervention group compared to the control group was lost by the second recovery day. 
This is consistent with the findings in Chapter 3 where hunger and motivation had similar 
recovery rates.  It may be that lower mood may have affected responses to meal. For 
example, Charles and Almeida (2006) found that prior state negative affect predicted 
gastrointestinal symptoms. It was also noted that subjective sleep efficiency was reduced in 
the experimental group compared to the control group (below the 85% cut-off measure used 
to identify insomnia in clinical setting) suggesting the possibility that poor sleep may have 
attenuated the effects of eating regularly. However, actual eating behaviour was not 
measured. In addition, the changing nature of symptoms points to the importance of the  
cyclical nature of symptoms, a belief held by crew already identified in Chapter 5 (Table 5.6). 
However, the lack of significant results prevents the possibility of any confirmatory 
statements regarding the link between mood and symptoms.   
 
6.4.2 Predictors of Perceived Jet Lag, Fatigue And Objective Alertness on Crew’s 
Second Recovery Day 
The results found that the dietary intervention, the belief about the cyclical nature of 
symptoms and morningness were equal predictors of subjective unidimensional jet lag on 
crew‟s second recovery day. The findings suggest that a reduction in jet lag on crew‟s second 
day off is therefore partly due to their chronotype (diurnal preference) and underlying mental 
representations of jet lag as well as eating regular meals (experimental group).  These 
findings are consistent with the results in Chapter 5 which found a relationship between 
diurnal preference, illness representations (SRM model, Leventhal et al., 1980) and reported 
jet lag (unidimensional, see Chapter 5.4.4). However, the present study not only replicated 
these findings but also extended our understanding of this relationship in terms of its 
direction in the context of jet lag. That is, through the longitudinal design it was possible to 
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determine that a preference in morning activities in crew and optimistic illness perceptions 
(e.g. a belief that jet lag is not cyclical) did indeed cause a reduction in the ratings of 
unidimensional jet lag during days off. As described in Chapter 5, morningness may facilitate 
adaptation to jet lag on recovery days through better adjustment to weekday schedules (e.g. 
shopping, taking kids to school). Thus, evening types may adjust better to abrupt changes to 
the LD cycle during layovers as they are considered sleep extensors and their tendency to 
phase delay is in line with the circadian rhythms‟ tendency to free run. However, they may 
report more jet lag as a consequence of being sleep deprived on days off (late evenings and 
early mornings, Taillard et al., 1999) and engaging in poor health behaviours (Caci et al., 
2003). For example, there is evidence that evening types eat later, have unhealthy eating 
habits, increased stress hormones and BMI and more psychological problems compared to 
morning types  (e.g. Lucassen et al., 2013).  Further, the impact of illness cognitions (e.g. 
time cyclical) on jet lag is also consistent with the major tenet of the SRM model (Leventhal 
et al., 1980) of a causal relationship between illness cognition and outcome (Hagger and 
Orbell, 2003), although coping did not predict outcome, a problem for the SRM model (see 
Chapter 5.4.4). In addition, illness identity, identified as explaining the most overall variance 
in illness outcome (Hagger and Orbell, 2003), predicted the multidimensional measure of jet 
lag, further support for the illness representations-outcome relationship. However, the finding 
that multidimensional jet lag, perceived fatigue and objective alertness were best predicted by 
multidimensional jet lag perceived fatigue and objective alertness measured at baseline, 
indicated the impact of chronicity on such conditions. The results are consistent with 
Reynolds and Montomery‟s study (2002), which found that prior jet lag (past history and jet 
lag after deployment) increased the odds of reported jet lag after the return (odds ratio = 4.25; 
p = .01) and with laboratory studies which found that individuals adapt and maintain a lower 
level of performance (PVT speed) following simulated chronic sleep restriction (Belenky et 
al., 2003) and that these effects are mostly marked when sleep loss occurs during circadian 
low (Cohen et al., 2010).   
 
Despite the strong influence of chronicity, two other predictors were found for objective 
alertness and jet lag multidimensional: gender and later homebound departure time, 
respectively. Being female predicted an increase in PVT speed. This finding is in contrast 
with evidence in the literature that shows a male advantage on PVT performance (Noble et 
al., 1964; Welford, 1980; Adam et al., 1999; Blatter et al., 2006) and response time to sensory 
stimuli (Simon, 1967; Landauer, 1981; Lahtela et al., 1985; Spierer et al., 2010). On average, 
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response time to a stimulus is 220 ms for males and 260 ms for females (Bellis 1933; Blatter 
et al., 2006). Botwinick and Thompson (1966) found that the difference was accounted for by 
the lag between stimulus presentation and muscle contraction despite muscle contraction 
times being similar for men and women. Slower reaction times in women are considered to 
reflect a difference in cognitive strategy used which prioritises accuracy over speed. There is 
also gender variation in response time according to the type of stimuli used which shows that 
men are better at spatial or visual stimuli and women are better at processing verbal stimuli. 
Some arguably believe that the male advantage in spatial processing is innate (Voyer et al., 
1995). However, the male advantage may be reducing as more women are participating in 
fast action sports (Silverman, 2006) and the use of mobile devices to play games becomes 
more popular. Thus, the present result may reflect this change. It was noted that of six 
participants who made false starts (response time less than 100 ms), five were women. This 
indicated that for some women speed was more important than accuracy. Finally, the finding 
that later homebound departure time predicted reduced multidimensional jet lag may be 
surprising as research reveals that night flying is associated with increased jet lag and fatigue 
(Flower, 2001; Caldwell, 2005). Anecdotally, however, night flying is associated with less 
demanding flights and early landing back home with longer time off (landing day and days 
off) before the following duty. Therefore, while later departure time may expose the circadian 
sensitive portion of the body clock to light (approximately 01:00 h - 5:00 h) causing circadian 
disruption, the perception may be that night flying is „easier‟ and preferable (longer time off) 
leading to a decrease in reported multidimensional jet lag. In a similar vein, Roach et al., 
(2012) studied a sample of long-haul pilots and found that despite the lack of disruption to 
sleep, shorter layovers were associated with increased subjective fatigue and decreased 
objective alertness (PVT) compared to longer layovers. This indicated that longer layovers 
were preferable as they provided pilots with more time off and the opportunity to rest despite 
the risk of circadian disruption (e.g. phase delay caused by later scheduling of homebound 
flight, Chapter 4). These findings further supported the notion that symptom perception has 
an important role in explaining the variability between subjective jet lag and circadian phase.    
Finally, the present results did not find a causal role for satisfaction with social support 
indicating that the relationship between social support and multidimensional jet lag in the 
present thesis is only correlational (Chapter 5.3.10). 
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6.4.3 Limitations and Directions for Future Research 
A number of potential limitations should be noted. First, although the dietary intervention 
was successful for subjective unidimensional jet lag, the mechanisms underlying the temporal 
differences in response to food intake could not be tested directly. A better understanding of 
circadian rhythms (peripheral oscillators) and metabolic biology (e.g. leptin and ghrelin) in 
humans is important for using timed food to alleviate jet lag. Second, a placebo effect could 
not be ruled out as the intervention had an effect on jet lag but not on responses to meals and 
other jet lag symptoms. Inspection of the individual implementation intentions revealed that 
statements varied considerably. Some were quite specific about where, when and what (not 
required) would be eaten on days off. Others were quite general. This variability may have 
influenced goal attainment (eating regularly). As actual eating behaviour was not measured 
(whether crew ate regularly on days off or had hot meals for lunch and dinner), explanations 
about the lack of effects on attitudes to meals are speculative. Second, the effect size found 
for the impact of forming an implementation intention on reported unidimensional jet lag in 
the current study was d = 0.46 (computed from F ratio), which is lower than the medium to 
large (d = 0.65) impact of forming implementation intentions on goal achievement 
demonstrated in Gollwitzer and Sheeran‟s (2006) meta-analysis. The lower effect size may be 
due to the global format of implementation intentions used in the current study: There is 
evidence that if-then formats are superior at promoting behaviour change in laboratory 
settings (e.g. Oettingen, et al., 2000, Experiment 3) as they form a better cue for action (e.g. 
„if it is Monday at 9:00 h, then I will have breakfast‟) than global formats. One study 
replicated these findings in the field (Chapman et al., 2009) therefore future research should 
address this hypothesis in the context of alleviating jet lag. However, the concern with the if-
then format is that a goal (breakfast) may be missed as the „if it is 9:00 h‟ downplays the need 
to wake up and have breakfast in the morning. A further relevant point is that eating regularly 
is related to being awake thus the effect of the sleep/wake cycle may need to be controlled for 
to assess the reliability of the dietary intervention. A lower than expected effect size may also 
be due to the nature of the outcome measure used. In a meta-analysis, Adriaanse et al. (2011) 
found that, in the context of dietary intervention, stronger outcome measures such as a food 
diary, showed larger effect sizes possibly due to the relevance of the goal/behaviour to the 
outcome measure.   Third, as the study assessed jet lag over two days off, it would helpful to 
replicate these findings over three or four days off to assess whether implementations effects 
last over a longer period of time. There is evidence that their effects are long lasting up to six 
months (Luszczynska, 2006) thus a follow up study may be valuable. Interestingly, only 
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13.11% of crew (Table 6.7) had two days off following their layover compared to 62.3% who 
had three days off. As length of time off did not relate to jet lag ratings on crew‟s second 
recovery day, the results indicated that the influence of expectations associated with a 
reduction in jet lag on the last day off could be ruled out. Lastly, whilst an objective outcome 
measure was used, one limitation is that the PVT is a surrogate measure of performance and 
by no means reflects the performance of crew „in the real world‟ therefore caution should be 
used when interpreting PVT results. However, despite the criticism that the image of the 
visual stimuli (e.g. sun) is greater than other PVT stimuli, overall the use of the sleep-2-Peak 
app was deemed useful for assessing attention and vigilance in the field as this measure was 
sensitive to „time of day‟ differences (attenuated when PVT at baseline was partialled out in 
semi-partial correlations, Table 6.18) and time awake difference (lost when PVT at baseline 
was partialled out).  In sum, better controlled experiments are needed for assessing the 
validity of timed food for alleviating jet lag in long-haul cabin crew. 
   
6.4.4 Conclusion 
In conclusion, despite the limitations highlighted above, the present study demonstrated that 
meal times can be used to alleviate jet lag in long-haul crew. The current research also 
showed that implementation intentions can be used to promote effectively a change in meal 
times consistent with impact of implementation intentions on behaviour change demonstrated 
in past research (Gollwitzer & Sheeran, 2006). One of the advantages for long-haul crew is 
that administration is self-directed and can be used in conjunction with other measures that 
crew may be already using. One concern may be that is sleep is disrupted during days off, 
crew may have to prioritise sleep over eating regular meals and the results of the regression 
analysis suggest that eating regularly may be easier for morning crew than evening crew. The 
current research also suggests that illness cognitions play a role in the ratings of jet lag on 
recovery days with potential scope for alleviating jet lag through changing pessimistic 
representations. Finally, the current study demonstrated that baseline jet lag, fatigue and 
objective alertness strongly predicted jet lag, fatigue and objective alertness on crew‟s second 
days off suggesting that chronicity has a strong impact on recovery from jet lag and that 
alleviating jet lag on recovery days (baseline corresponds to last day off from previous 
layover) has important implications ensuring future wellbeing in long-haul crew.    
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CHAPTER 7: GENERAL DISCUSSION 
 
7.0 Overview 
This final chapter focuses on a general discussion of the main findings in relation to the key 
aims of the thesis.  Broad methodological limitations are outlined together with directions for 
future research. Finally, the findings are discussed in terms of how they fit with past research 
and what they mean for theory and practice.  
 
7.1 Introduction 
A report in 2011 estimated that about 3.6 million people in the UK (14% of the population) 
had flexible or shift work schedules „most of the time‟ (Office for National Statistics, 2011). 
Shift work is defined as employment outside the hours of 7:00 h to 19:00 h and it is found in 
many areas such as healthcare, protection (e.g. police, military) and transportation (e.g. 
aviation). There is a wealth of evidence that shift workers are exposed to increased health 
risks compared to non shift workers (Atkinson & Morris, 2013), as a result of a conflict 
between working patterns and the circadian rhythm. Similar to shift work, jet lag is associated 
with many physical and psycho-social problems (Arendt et al., 2000; Lowden and Akerstedt, 
1998; 1999; Roach et al., 2012; Ballard et al., 2004; Eriksen, 2006). However, unlike shift 
workers, who adapt to a regular pattern of work to enable entrainment, long-haul cabin crew 
are affected by irregular shifts and recurrent exposure to abrupt changes to the LD cycle, 
making recovery from jet lag more difficult. Given the impact of jet lag on the wellbeing of 
cabin crew, as well as on operational safety of airlines, much research has focused on 
identifying the predictors of jet lag and circadian disruption in an attempt to improve the life 
style of cabin crew and improve alertness. However, my experience as cabin crew over 20 
years and training in Health Psychology has questioned the focus in the literature on either 
subjective symptoms (jet lag) or bio measures in the laboratory. To a certain extent the latter 
reflects the view of jet lag as a medical condition, represented by the disruption of the body 
clock, causing symptoms (jet lag). These two measures are often used separately, although 
the assumption in much research is that one is related to the other (e.g. Lowden & Akerstedt 
1999; Waterhouse et al., 2000).  This thesis aimed to address the issue of whether the 
assumption in much research that jet lag and circadian disruption are related is correct and to 
offer a comprehensive view of jet lag that takes into account biological and psychological 
factors.  A further aim of the thesis was to provide cabin crew with practical advice to 
improve jet lag based on such findings. The findings directly related to developments in 
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circadian rhythm research in animals and humans that have identified the role of diet in 
helping reset circadian rhythms (Mendoza et al., 2005; Reynolds & Montgomery, 2002).   
 
The thesis had five main aims: 
i) To investigate the adjustment rates of jet lag and its symptoms, stress arousal, and 
objective assessments of sleep before and after a long-haul trip and whether jet lag 
and its symptoms were cyclical in nature; 
ii) To assess the role of profile and psycho-behavioural variables in predicting 
subjective jet lag and circadian phase post-flight (first recovery day = chronicity), 
after controlling for baseline subjective jet lag and circadian phase; 
iii) To evaluate whether there is a relationship between subjective jet lag and a 
biomarker of jet lag (melatonin acrophase) before and after a long-haul trip and 
whether responses to main meals (predictive of subjective jet lag) were also 
predictive of this relationship post-flight;  
iv) To explore how long-haul cabin crew make sense of jet lag and how illness 
perceptions, self-management strategies, coping and social support relate to the 
experience of jet lag and chronic fatigue, on the day before a long-haul flight.  
v) To assess the effectiveness of forming an implementation intention about consuming 
regular meals post-layover to improve recovery from subjective jet lag and symptoms 
as well as objective alertness (speed on the Psychomotor Vigilance Task – PVT) on 
days off.   
 
7.2 Aim 1: To Investigate the Adjustment Rates of Jet Lag and its Symptoms, Stress 
Arousal, and Objective Assessments of Sleep Before and After a Long-Haul Trip and 
Whether Jet Lag and Symptoms were Cyclical in Nature 
 
7.2.1 What is Jet Lag?  
Jet lag is understood as a general malaise experienced as a result of transmeridian travel 
which causes a mismatch between the timing of the „body clock‟ (SCN) and the new local 
time. Crossing three time zones can cause several symptoms, such as insomnia, fatigue, lack 
of appetite, altered mood states, headaches and inappropriate times of defecation (Atkinson, 
2013). These symptoms are transient (adjusting at an average of one day for each time zone 
crossed), except for groups of workers such as long-haul cabin crew, whose circadian rhythm 
is repeatedly disrupted.   
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7.2.2 How do Subjective Ratings Change During the Course of the Day, Before and 
After a Long-Haul Trip? 
As long-haul crew are exposed to chronic jet lag, a question arises as to how symptoms 
change at different stages of a return trip (baseline, day land, first day off and last day off), 
and whether symptoms readjust to baseline levels after the return home, in preparation for the 
following duty. In addition, symptoms are thought to reflect circadian activity (Waterhouse et 
al., 2000), with different symptoms having their own circadian cycles informing the global 
measure of jet lag. The Liverpool Jet Lag Questionnaire (Waterhouse et al., 2000) is a 
validated VAS used to assess the global measure of jet lag and its symptoms (fatigue, sleep, 
meals, mood/cognitive performance and bowel performance), repeatedly at different times of 
the day. This enabled the investigation of daily changes (perhaps reflecting the cyclical nature 
of circadian rhythms) and adjustment rates of jet lag and its symptoms. Repeated measures of 
stress arousal and objective sleep were also taken. As hypothesised, the results in Chapter 3 
showed that post-trip, long-haul crew reported a significant increase in jet lag and symptoms, 
such as poor waking alertness, difficulty of falling asleep, low hunger, palatability, 
concentration, motivation, negative mood states (feelings of stress arousal), decreased 
objective sleep efficiency and increased restlessness. As symptoms were worse immediately 
post-return flight (day land = acuteness), compared to baseline and days off, the results 
indicated that circadian and trip factors (e.g. long duties, sleep deprivation onboard) may be 
responsible for this change in line with past research (Lowden & Akerstedt 1998; 1999; Cho 
et al., 2000; Caldwell, 2005; Roach et al., 2012). Although there are no validated cut-off 
scores for subjective jet lag, the mean score of 6.19 (VAS) for jet lag in Chapter 3 was 
consistent with the cut-off score of 5 or above (VAS), used by Arendt and colleagues (1986) 
to indicate the presence of jet lag.  
 
7.2.3 Adjustment Rates 
Most importantly, the results in Chapter 3 demonstrated that responses to meals, specifically 
hunger before meals and motivation were the only symptoms that adjusted on the last day off, 
showing a similar pattern to that of subjective jet lag. This is in contrast to evidence in the 
literature (Waterhouse et al., 2000) which showed that fatigue and sleep performance had a 
similar course of adjustment to that of jet lag, indicating sleep and fatigue are closely related 
to the endogenous body clock. This inconsistency may be due to the different samples used. 
As opposed to occasional travellers, cabin crew suffer from recurrent disruption to the 
sleep/wake cycle and increased fatigue. One explanation could be that, given the importance 
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of maintaining alertness for the role, crew have learnt to adapt to or manage sleep disruption 
better than disruption to food intake, thus the effects of altered dietary habits may be longer 
lasting. This seems to be plausible especially in light of much evidence that links long-haul 
flying, shift-work and gastrointestinal problems (Sharma & Schrivastava, 2004).  On the 
other hand, if we assume that symptoms reflect the adjustment rate of the body clock it could 
be argued that food intake is a behavioural rhythm that is more closely related to the 
endogenous body clock, than previously anticipated. For example, Sheer et al. (2009) showed 
that perceived hunger had a strong circadian rhythm.   
 
7.2.4 Daily Changes of Jet Lag and Symptoms 
Overall, the finding that most symptoms, measured repeatedly throughout the day, including 
the global measure of jet lag, did not have a cyclical pattern typical of circadian rhythms, 
indicated that subjective assessments of jet lag and biomarkers of jet lag may indeed be 
different. When analyses were carried out for each day of the study, however, some pattern 
changes emerged for hunger and palatability. Unlike other study days, after their return home 
(T2), crew reported less appetite and meal enjoyment than normal at lunchtime compared to 
dinnertime. Whilst this pattern does not indicate the cyclical nature of meal responses, it does 
suggest that meal responses were particularly disrupted post-flight as already shown during 
the between-day analyses. Of relevance is the finding that despite the strong correlation, 
fatigue and jet lag displayed different time courses of adjustment in the between-day and 
within-day analyses. This seems to suggest that long-haul cabin crew can differentiate 
between feeling jet lag and fatigued. The implication is that jet lag may persist after resting. 
Indeed, fatigue recovered more quickly (first recovery day) compared to jet lag. Further, 
when data from all study days were taken, fatigue showed a within-day trend increasing 
before bedtime, in line with the expected direction for individuals who are entrained. 
However, the within-day trend was less clear when analyses were carried for each day. 
Instead, fatigue was raised throughout the day on the day crew returned home and on the last 
recovery day demonstrating the variability of symptoms during days off. This result may also 
be due to methodological issues (e.g. reduced power due to missing data).     
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7.3 Aim 2: To Assess the Role of Profile and Psycho-Behavioural Variables in 
Predicting Subjective Jet Lag and Circadian Phase Post-Trip (First Recovery Day = 
Chronicity), after Controlling for Baseline Subjective Jet Lag and Circadian Phase 
 
7.3.1 Subjective Jet Lag and the Body Clock  
The main aim of the present thesis was to provide a complete understanding of jet lag in 
long-haul cabin crew as this would have practical implications for improving the condition. 
This involved assessing not only subjective jet lag but also circadian phase. Circadian phase 
was measured by urinary melatonin acrophase (peak time) as research shows that this is the 
best available marker of the body clock in the field (Arendt, 2009). As for objective jet lag, a 
significant phase shift of the melatonin acrophase post-trip was found, indicating a phase 
delay of the circadian rhythm by 52 minutes. As crew had flights in different directions, 
absolute melatonin acrophase shift was also measured. This was 2:06 h. The phase delay was 
in contrast with an expected phase advance typical of eastward direction (mean) observed in 
the present study. However, the magnitude of the absolute melatonin acrophase shift was in 
line with adjustment rates found in the literature of one hour shift per day (Aschoff et al., 
1975) following transmeridian travel, given the length of the layover (two days) and crew‟s 
intention to adjust to local time during layover, a common finding in research with long-haul 
crew (Lowden & Akerstedt, 1998). The present results are directly comparable with past 
research with air crew which has found a shift in circadian phase in layovers of similar length 
(e.g. Suvanto et al., 1993a) and increased circadian disruption as measured by a higher 
adjusted urinary melatonin rate variance compared to teachers (measurements were taken 
over one month, Grajewsky et al., 2003). As well as assessing the magnitude of circadian 
shift (statistical significance and reference to adjustment rates), circadian desynchrony has 
two components that can be measured: internal desynchrony or the disparity of internal 
physiological rhythms relative to each other and external desynchrony, or the discordance 
between external time cues and internal physiological rhythms. The results showed that post-
trip for the majority of the sample, the peak time of melatonin occurred within the sleep 
period at pre- and post-trip indicating that the two internal rhythms were not uncoupled. In 
addition, the majority of the sample was also categorized as „entrained‟ (in synchrony) pre- 
and post-flight, even though the number of „not entrained‟ crew increased post-return flight 
(from 14.3% to 32.1%). Thus, despite the increase post-trip, for the majority of the sample, 
the melatonin rhythm was not out of synchrony with the LD cycle. As internal and external 
desynchrony are associated with jet lag symptoms (Arendt et al., 2000; 2009), these results 
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would seem to suggest that jet lag symptom perception should be low. However, this was not 
the case as shown by the results of reported jet lag post-flight in Chapter 3, further evidence 
that a gap between objective and subjective jet lag may exist.  
 
7.3.2 Predictors of Subjective Jet Lag and Circadian Phase as Measured by Melatonin 
Acrophase Post-Return Flight 
Chapter 3 explored the predictors of subjective jet lag whereas Chapter 4 examined the 
predictors of circadian phase. A lower than „normal‟ perceived appetite at meal times and 
objective restlessness during sleep measured at baseline and after the return (composite 
scores) consistently predicted subjective jet lag on crew‟s first recovery day, after controlling 
for subjective jet lag at baseline. On the other hand, a phase delay in the circadian rhythm on 
crew‟s first recovery day was predicted by later planned arrival time back in the UK and 
increased perceived fatigue measured at baseline and after the return (composite scores). 
However, a delayed circadian rhythm at baseline was the strongest predictor of a phase delay 
in the circadian rhythm post-flight. These findings highlighted three important issues. First, 
subjective jet lag and circadian phase had different predictors suggesting they may not be 
related. Interestingly, both subjective and objective predictors were found for both outcome 
measures, suggesting the importance of using both methods. Second, the impact of sleep 
performance on feelings of jet lag was in line with previous research which suggests a close 
link between the two measures (Lowden & Akerstedt, 1998; Waterhouse et al., 2000; Sharma 
& Schrivastava, 2004). However, whilst it is clear that frequent disruption of the circadian 
rhythm, typical of shift workers and long-haul flying, plays a role in the incidence of 
gastrointestinal problems and heightened risk of metabolic syndrome (Belenky & Akerstedt, 
2009), the causal link between diet and jet lag in humans is less explored. Waterhouse et al. 
(2000; 2004; 2005a) found that meal responses were weak predictors of reported jet lag but 
evidence is beginning to emerge about the impact of recurrent eating out of phase for altered 
metabolic responses (Schoeller et al., 1997; Buxton et al., 2012), which are directly related to 
the circadian system (e.g. peripheral oscillators, Reddy et al., 2005). Thus, the present result 
may be inconsistent with the findings found in Waterhouse et al.‟s studies (2000; 2004; 
2005a) because in their laboratory and field studies, recurrent disruption to food intake was 
not measured. Third, the finding that later scheduling of the return flight (night flying) caused 
a delay of the melatonin rhythm post-flight provides indirect evidence for the impact of light 
on circadian rhythms, a consistent finding in laboratory research (Arendt et al., 2000; 2009), 
which has led to the conclusion that light is the prime resetter of the body clock (e.g. Revell 
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& Eastman, 2005). Further evidence of a phase delay by work characteristics came from a 
study on shift work (Papantoniou et al., 2014) which showed that night workers had lower 
levels of urinary melatonin compared to day workers, and peak time occurred three hours 
later (08:42 h and 05:36 h respectively). Moreover, phase delay was stronger among subjects 
with higher exposure to light at night and number of nights worked, indicating that work 
characteristics are important mediators of circadian shifts through exposure to light at the 
wrong circadian phase. However, overall the strongest predictor of the delay in melatonin 
acrophase was a delayed rhythm at baseline. This indicated two possibilities.  As a delayed 
rhythm is representative of eveningness, the results suggested that adaptation to time zone 
change may be consistent with chronotype, so that late phase crew tend to phase delay when 
adapting to phase shifts (Arendt, 2009). However, circadian preference was also measured by 
the MEQ and when the influence of delayed circadian rhythm was controlled for (partial 
correlations), chronotype no longer related to melatonin acrophase post-trip, indicating the 
importance of chronicity (phase shift in prior layovers) on circadian disruption (Figure 7.1).  
Finally, the current research showed that apart from the influence of having children on 
subjective jet lag in the morning post-flight, possibly due to child-related sleep disruption, 
none of the other profile and psycho-behavioural variables predicted subjective and objective 
jet lag. Increased perceived stress was related to higher perceived jet lag before bedtime. 
However, the small sample precluded the assessment of this variable as a predictor in the 
regression analyses.  
 
7.4 Aim 3: To Evaluate Whether There is a Relationship Between Subjective Jet lag and 
a Biomarker of Jet Lag (Melatonin Acrophase) Before and After a Long-Haul Trip and 
Whether Responses to Main Meals (Predictive of Subjective Jet Lag) Were Also 
Predictive of This Relationship Post-Trip 
 
7.4.1 Do Changes in Symptom Perception (Jet Lag Ratings) Relate to a Physiological 
Change in Circadian Phase? 
The relationship between circadian rhythms and jet lag symptoms is often assumed in 
research but rarely examined in detail. To a certain extent this was done in Chapter 3 where 
adjustment rates were assumed to reflect the process of adjustment of the body clock. This 
often leads researchers to speculate that whilst the timing of body clock is adjusting to the 
new time cues, individuals feel a number of jet lag symptoms. However, there is a wealth of 
evidence in the field of Health Psychology that seems to suggest that there may not be a 
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direct correspondence between physiological states and symptom perception (Norman, 2005; 
Pennebaker, 1982; 1983). That is, there are many medically unexplained symptoms such as 
fatigue, pain, heart palpitations and IBS, which in the UK account for up to a fifth of all GP 
consultations (Kirmayer et al., 2004), suggesting that psychological explanations have an 
important role in providing insight into possible factors that predispose individuals to report 
somatic symptoms. Even though jet lag has a biological basis, research has shown that there 
are individual differences in attention paid to internal states as opposed to external states 
(Pennebaker, 1983), such that individuals who focus on internal states report inaccurate 
changes of symptoms (e.g. heart rate detection, Kolhmann, 2001). Chapter 4 showed that 
whereas pre-flight, circadian phase predicted subjective jet lag, circadian phase post-flight 
and circadian rhythm change scores (T3 = first recovery day - T1 = baseline) did not predict 
subjective jet lag post-flight and change scores respectively. One explanation could be that 
the discordance between symptom perception and the biomarker of the body clock post-flight 
is the product of a disruption to the „healthy‟ self following transmeridian flight. That is, at 
baseline, when cabin crew are not experiencing acute symptoms, a later circadian preference, 
indicative of eveningness corresponds to higher subjective jet lag, perhaps mediated by social 
jet lag, the discrepancy between the biological and social timing (Taillard et al., 1999). Thus, 
given the inability to fall asleep earlier and eat earlier in the evening to adapt to social 
constraints, evening crew may feel more jet lagged than morning crew. However, post-trip, 
there are many other factors (such as mood, stress, beliefs) that may affect symptom 
perception, leading to an underestimation or overestimation of symptoms and resulting in a 
discrepancy between the two assessments (Pennebaker, 1983; Kolhmann, 2001; Wright et al., 
2005).  
  
7.4.2 Altered Meal Responses as Predictor of the gap Between Subjective Jet Lag and 
Circadian Phase 
Chapter 4 further explored the dissociation between subjective jet lag change scores and 
circadian phase change scores in terms of assessing what mediated it. Specifically, Chapter 
4‟s aim was to test the extent and contribution of objectively measured restlessness during 
sleep and hunger (significant predictors of subjective jet lag in Chapter 3) in predicting the 
discrepancy between subjective jet lag and circadian phase change scores. To this end, 
unstandardised residuals were saved during the linear regressions analysing subjective jet lag 
change scores as the „dependent variable‟ and circadian phase change scores (direction and 
size of the shift in aMT6s), as the „independent variable‟ (Table 4.11). These residuals 
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represent the extent to which change in subjective jet lag could not be predicted from 
circadian phase change. The results showed that crew were equally split between i) greater, 
ii) lower than expected subjective jet lag scores given the value of their objective jet lag, and 
iii) matched scores. Further, an increase in the gap (residuals) between subjective and 
circadian phase change scores was best predicted by lower than normal appetite before meals 
at baseline and day land. Overall, Chapters 3 and 4 demonstrated that negative attitudes to 
meals at inappropriate times were consistent predictors of both subjective jet lag and the 
discrepancy between subjective and objective jet lag, indicating that symptom perception 
(Pennebaker, 1983) related to altered meal responses has important implications for the 
wellbeing of cabin crew (reducing the gap between subjective and objective jet lag). The 
results also suggested that improving food intake behaviour may be used to alleviate jet lag in 
long-haul cabin crew. This is in line with a growing body of evidence in animal research 
about a role of non-photic stimuli in synchronizing the circadian system to the environment 
(e.g. Mendoza et al., 2005).  
 
7.5 Aim 4: To Explore How Long-Haul Cabin Crew Make Sense of Jet Lag and How 
Illness Perceptions, Self-Management Strategies, Coping and Social Support Relate to 
the Experience of Jet Lag and Fatigue (CFQ) on the day Before a Long-Haul Flight 
 
7.5.1 Making Sense of Jet Lag. How Illness Perceptions Relate to Subjective Jet Lag the 
day Before a Long-haul Trip 
The changing nature of the relationship between perceived jet lag and circadian phase noted 
pre- and post-return flight needed further investigation. Attention in Chapter 5 was focused 
on psychological factors that may be involved in the process of symptoms perception that 
lead to the variability in reported jet lag (higher or lower) compared to circadian phase 
assessment. Such psychological factors may relate to beliefs about „what it means to be ill‟ 
(Pennebaker, 1983; Lau, 1995; Gijsberg van Wijk et al., 1997). In this context, jet lag is not 
merely a bodily sensation (a bottom-up process) but in response to a threat, individuals are 
actively involved in making sense of their condition through interpreting what they perceive 
(e.g. I don‟t feel hungry) and social messages they receive (e.g. lack of appetite is one of the 
symptoms of jet lag) (Cameron & Leventhal, 2003). This making sense process can be quite 
different from „objective biomedical representation‟ and can modify the individual‟s 
experience of an illness through five core cognitive dimensions (SRM, Leventhal et al., 
1980): identity, perceived cause, cure/control, consequences and timeline. The SRM 
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describes progress from the stage of interpretation, through illness cognitions, emotional 
response and the stages of coping and appraisal (Figure 2.9, Chapter 2). The SRM was 
applied to jet lag (and fatigue) as a means of explaining psychological variability in jet lag 
perception.  The results in Chapter 5 showed that whilst several illness representations were 
related to perceived jet lag (screening correlations, Figure 5.7, Chapter 5), timeline, or the 
belief that jet lag is chronic, emerged as the only predictor of increased subjective jet lag 
(unidimensional) the day before a long-haul flight. These findings seem to suggest that 
variability in symptom perception, which leads to a discordance between subjective jet lag 
and circadian phase, may be attributed to negative perceptions about the duration of jet lag. 
That is, if a crew member believes that jet lag is chronic, the tendency would be to 
overestimate symptoms post-flight whereas a belief that symptoms are temporary may lead 
another to underestimate symptoms. The findings are consistent with several correlational 
studies which found a relationship between illness perceptions and outcome across different 
health problems (e.g. CFS, stroke, rheumatoid arthritis and MI, Hagger and Orbell, 2003). A 
caveat of SRM model is that coping mediates the relationship between illness representations 
and outcome (e.g. positive personal models relate to approach-oriented coping strategies). 
However, coping did not have a strong role in outcome in the current study (and in the studies 
described in Chapter 3 and 4) as only humour was related to outcome. One explanation could 
be that coping checklists (such as COPE and the Brief COPE) are too generic and not 
relevant to coping with jet lag. When sleep strategies and eating strategies designed to avoid 
disruption to the circadian rhythm (Henderson & Burt; 1998 Arendt et al., 2000; Flower, 
2001) were considered, however, the results found no relationship between pre-work 
preparation strategies and jet lag.  
 
7.5.2 Do Crew Suffer from Chronic Fatigue and What Predicts it? 
Chapter 5 also aimed to address whether crew are affected by chronic levels of fatigue. The 
evidence from the literature points out that this may be the case (Belenky & Akerstedt, 2011). 
Research in the laboratory have used controlled experiments and objective measures (e.g. 
PVT) to show that repeated circadian and sleep disruption amplify the effects of time on task 
(fatigue) on PVT performance so that  individuals adapt and maintain a lower level of 
performance (Belenky et al., 2003; Cohen et al., 2010). When asked, air crew attribute 
increased fatigue and tiredness on long-haul flights compared to short-haul fight to circadian 
disruption, night flying, early wake ups, multiple flights with insufficient recovery breaks 
(Caldwell, 2005). Moreover, research has also shown a link between subjective sleepiness 
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and subjective jet lag (Lowden & Akerstedt, 1998) and length of layover and subjective 
sleepiness and PVT speed (Roach et al., 2012).  What is clear is that there is a lack of 
consensus, identified in the literature, as to what constitutes fatigue (is it sleepiness, tiredness, 
decreased performance?) and whether fatigue in long-haul crew is indeed chronic. In Chapter 
5, a validated multidimensional  measure of chronic fatigue was used (CFQ scale, Chalder et 
al., 1993), to show that on average crew reported substantial levels of fatigue (CFQ „binary‟ 
score of 4 or more) but not chronic levels („Likert‟ scoring of 29 or more). The mean „binary‟ 
score of 4.57 was higher than a community sample (3.27, Cella & Chandler 2010) and the 
prevalence of substantial fatigue in the current sample was higher than in the general 
population in previous studies (38% in Pawlikowska et al., 1994; 22% in Loge et al., 1998). 
This is consistent with previous studies which found that crew reported 2 to 5.7 times more 
fatigue than the general population (e.g. Roma et al., 2012; McNeely et al., 2014). However, 
the mean„binary‟ score was lower than in CFS sufferers in a previous study (9.14, Cella & 
Chandler 2010), further supporting evidence that fatigue was not chronic in the current 
sample. In addition, regression analysis found that perceived negative consequences about jet 
lag predicted increased fatigue (CFQ) the day before a long-haul flight. This finding was 
consistent with previous research which showed that CFS patients perceived the 
consequences of their illness to be more profound than patients with rheumatoid arthritis 
(Moss-Morris & Chandler, 2003) and is further evidence of the role of illness beliefs in 
wellbeing. 
 
7.5.3 Unidimensional Versus Multidimensional Measure of Subjective Jet Lag 
Feeling „tired‟ is one aspect measured in the CFQ scale which has two underlying 
dimensions: physical fatigue (e.g. lack of energy, feeling weak, less muscle strength, need to 
rest) and mental fatigue (e.g., concentration, memory). In a similar vein, it was noted that the 
Liverpool Jet Lag Questionnaire was made up of different dimensions that could be used 
together to form a multidimensional measure of jet lag. In Chapter 5 the jet lag questionnaire 
was revised (VAS was changed to Likert scale and symptoms were measured once a day) to 
facilitate participation. The multidimensional measure of jet lag showed good internal 
reliability (Cronbach‟s alpha was .85) and addressed criticisms that single measures are too 
simplistic, offering a more complete measure of jet lag including fatigue, sleep performance, 
sleepiness, bowel consistency and meal responses. The results showed that when a 
multidimensional measure of jet lag was assessed, increased satisfaction with social support 
was predictive of reduced levels of multiple dimensions of jet lag, on the day before a long-
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haul flight. This is line with evidence in the literature that social support is consistently 
related to lower rates of morbidity and mortality (Uchino, 2006).  It is thought that social 
support may act as a buffer through „more positive biological profiles‟ (e.g. changes in 
cardiovascular, neuroendocrine, and immune function).  Overall, the findings in Chapter 5 
demonstrated that, among the potential risk factors associated with jet lag (e.g. profile 
variables and trip factors), only process variables were found to be related to subjective jet 
lag and fatigue the day before a long-haul flight. Specifically, the results provided support for 
the predicted association between cognitive variables (illness representations) and subjective 
jet lag and fatigue. Further, the results provided support for Leventhal‟s SRM (1980) as 
illness cognitions were related to outcome. However, because of the cross-sectional nature of 
the design it was not possible to assess whether illness representations caused changes in 
outcome as causal links can only be determined in longitudinal studies. 
 
7.6 Aim 5: To Assess the Effectiveness of Forming an Implementation Intention About 
Consuming Regular Meals Post-Layover to Improve Recovery From Subjective Jet Lag 
and Symptoms as Well as Objective Alertness (Speed on the Psychomotor Vigilance 
Task – PVT) on Days Off 
 
7.6.1 A Simple Meal Plan to Alleviate Jet Lag and Objective Alertness During Recovery 
Days 
The rationale for improving subjective jet lag and objective alertness (PVT speed) through 
eating regular meals on days off was based on the evidence of Chapters 3 and 4 which 
indicated that the timing of meals (altered responses at inappropriate times) after the return 
from a long-haul flight, not only predicted jet lag levels but also the discrepancy between 
subjective jet lag and circadian phase change (shift in melatonin acrophase) post-flight. This 
reflects a growing body of evidence showing a strong link between temporal disruption of 
food intake, jet lag and metabolic syndrome (Buxton et al., 2012). Further, timed food has 
been shown to reset the circadian rhythm in rodents (Mendoza et al., 2005), reduce subjective 
levels of jet lag in military personnel deployed across several time zones (Reynolds & 
Montgomery, 2002), and produce successful weight loss in humans (Garaulet et al., 2013). 
As it is hypothesised that peripheral oscillators (metabolic activity) respond to timed food and 
not to the LD cycle (e.g. Shoeller et al., 1997), eating in phase with the LD cycle could speed 
up re-entrainment of the circadian system (peripheral oscillators and central clock).  The 
dietary intervention was based on implementation intentions (Gollwitzer & Sheeran, 2006), 
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which has shown to be effective in translating intention into behaviour, particularly in the 
context of dietary change (Adriaanse et al., 2011). The results showed that the meal plan was 
effective in reducing unidimensional jet lag but not multidimensional jet lag, objective 
alertness and symptoms of jet lag assessed separately. One explanation could be that the link 
between eating regularly and reduced jet lag was direct and not mediated through meal 
responses. There is evidence that temporal and energy restriction of food intake is able to 
reset the master clock in rodents (Mendoza et al., 2005) and subjective jet lag (Reynolds & 
Montgomery, 2002). However, the current study did not manipulate energy consumption 
(Reynolds & Montgomery, 2002), therefore alternative explanations were explored. It may be 
that the lack of mediation of meal responses was influenced by lower mood rates which 
displayed the same course of adaptation on recovery days (see Charles and Almeida, 2006, 
Chapter 6.4.1.) Sleep efficiency was below 85% in the experimental group but not in the 
control group. This may suggest that eating regularly may have been achieved at the expense 
of catching up with sleep, and that poor sleep on recovery Day 2 (sleep episode ending on 
Day 2) may have affected the ability to eat regularly on the second recovery day, attenuating 
the effect on meal responses.  However, actual eating behaviour was not measured. An 
alternative explanation was that the instructions given to the experimental group about the 
benefits of meal times on jet lag, defined as feeling out of synch acted as a placebo effect. 
That is, the experimental group reported less jet lag than the control group because they 
expected to feel less out of synch. Despite the methodological limitations, the results in 
Chapter 6 showed that meal times can be used to alleviate jet lag in long-haul crew and that 
implementation intentions can be used to promote effectively a change in meal times. 
However, the mechanisms of influence could not be ascertained.  
 
7.6.2 Illness Perceptions, Chronicity and Flight Scheduling as Predictors of Subjective 
Jet Lag and PVT on Crew’s Second Recovery Day 
The findings in Chapter 6 extended the finding relating to the role of illness perceptions in jet 
lag in Chapter 5. Specifically, through a prospective design, it was possible to determine that 
illness cognitions, not only related to outcome, but caused a change in outcome as proposed 
by the SRM. For example, optimistic illness perceptions, such as a belief that jet lag is not 
cyclical and a weak identity, caused a reduction in subjective unidimensional and 
multidimensional jet lag respectively, during recovery (second day off).  Two other variables 
emerged as equal predictors of unidimesional jet lag. These were: dietary intervention and 
diurnal preference, indicating that a reduction in unidimensional jet lag was predicted by 
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eating regularly on days off, positive beliefs about the cyclical nature of jet lag and 
morningness. These results are in line with previous research which found a relationship 
between morningness and better adaptation to weekday schedules and healthier eating habits 
(Taillard et al., 1999; Lucassen et al., 2013). Being female predicted faster PVT scores 
contrary to findings in the literature that men have an advantage in spatial visual tasks 
(Blatter et al., 2006). Female crew were found to have more false starts, indicating that 
increased random tapping may have contributed to the results. Further, later departure time 
on the return flight predicted a reduction in multidimensional jet lag. These results were 
interpreted in terms of night flights being associated with „easier‟ flights and longer time off 
back home, causing a reduction in perceived symptoms. This has been shown before, 
whereby longer long-haul layovers were associated with better outcomes (decreased 
subjective sleepiness and PVT speed, Roach et al., 2012), despite the potential for more 
circadian disruption (e.g. later scheduling of return flight was predictive of phase delay of the 
circadian rhythm, Chapter 4). However, overall baseline levels of multidimensional jet lag, 
fatigue and PVT were the strongest predictors of multidimensional jet lag, fatigue and PVT 
on crew‟s second day off, indicating that chronicity had the strongest impact on recovery 
from multidimensional jet lag and objective alertness. This is consistent with findings in the 
literature that previously reported jet lag and circadian disruption impaired subsequent jet lag 
and performance (e.g. Reynolds & Montgomery, 2002; Cohen et al., 2010). 
   
7.7 Objective and Subjective Sleep Performance in Long-Haul Cabin Crew 
Throughout the thesis sleep was measured with subjective (subjective components of the 
Liverpool Jet Lag Questionnaire) and objective methods (actigraphy) in an attempt to offer a 
comprehensive view of jet lag.  The results in Chapter 3 showed that whilst sleep 
performance was significantly reduced post-return trip (day land), both objective and 
subjective measures returned to baseline levels by the first recovery day. Specifically, except 
for the day crew returned home, objective sleep efficiency (SE) was above 85% at baseline, 
first and last recovery day. SE below 85% is a cut-off measure used in clinical settings (over 
three days) to indentify insomnia. Thus, the results suggested that decreased sleep 
performance associated with insomnia is experienced immediately upon return home, but the 
rate of recovery was fast on days off. This is in line with previous research, conducted in air 
crew, which found that objective sleep efficiency recovered by recovery Day 2 of 4 (Lowden 
& Akerstedt, 1999). However, the fast recovery of subjective measures of sleep, such as 
waking alertness and difficulty falling asleep, was in contrast with research conducted in air 
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crew and occasional travellers which showed a slower rate of adaptation of subjective 
measures (Lowden & Akerstedt 1999; Waterhouse et al., 2000). This inconsistency may be 
due to the higher time change is such studies (e.g. 8 h to 10 h) compared to the current one 
(6.16 decimal time) and differences in direction of travel. Further, the very short sleep onset 
latencies (SOL) observed before onboard sleep, close to the cut off of less than five minutes, 
indicated that crew were affected by severe sleepiness. This was consistent with evidence that 
shorter SOL are caused by the increased time awake and fatigue, due to long duties before 
sleep, increasing the need for sleep and reducing the time it takes to fall asleep (Folkard et al., 
1999). Moreover, the results, relative to objective sleep efficiency in Chapter 3, were 
replicated with subjective measures of SE in Chapters 5 and 6. That is,  mean subjective sleep 
efficiency was also above 85% on the day before a long-haul flight (Chapter 5) and pre- and 
post-trip in Chapter 6 (control group only), further evidence that crew‟s sleep performance 
was not greatly disrupted on days off (before and after a trip). Of relevance is also the finding 
in Chapter 5 that crew used sleep strategies more than they did eating strategies (e.g. avoid 
caffeine before bed, eating regularly on days off), indicating that their focus is on managing 
sleep and alertness, which reflects most of the advice given to crew (Flower, 2001). This 
seems to be in line with the finding in Chapter 3 that sleep performance adjusted more 
quickly than meal responses. However, as diet is emerging as an important factor in circadian 
research, the results suggest that crew may benefit from information about the link between 
diet and wellbeing, in the context of jet lag.  
 
7.8 Jet Lag: A Psycho-Social Construct? 
This thesis demonstrated that jet lag is in part a psychological construct, not just a biological 
one (Figure 7.1). At basic level, circadian preference (eveningness) was an important 
biological variable in the experience of jet lag at baseline and during recovery. Evidence for a 
genetic basis of human preferences in the timing of sleep and activities (eating, sport, social 
activities) came from Katzenberg et al. (1998) who found that subjects with a specific 
variation of the CLOCK gene tend to be evening people, as measured by the MEQ (Horne & 
Ostberg, 1976). Whilst evening types are able to extend sleep due to their natural tendency to 
phase delay and therefore adapt more easily to new time zones, there is evidence that their 
natural inability to adapt to earlier schedules on weekdays, compared to days off, leads to a 
sleep debt and increased report of negative symptoms such as daytime sleepiness, poor eating 
behaviour and psychological problems (Lucassen et al., 2013). This natural tendency to phase 
delay is also reflected in evening types‟ biological profile. Evening types experience their 
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DLMO and melatonin acrophase three hours later than morning types (Griefahn et al., 2002). 
For crew who are evening types, this natural tendency to phase delay may be exacerbated by 
prior circadian disruption and trip factors (e.g. light phase shifting effects on night flights). 
For example, in Chapter 4, later circadian phase at baseline was related to eveningness and 
increased perceived jet lag at baseline. However, eveningness did not predict later circadian 
phase post-trip, after controlling for circadian phase at baseline, indicating that the influence 
of late circadian phase at baseline on the circadian rhythm post-trip was mediated by other 
factors, such as chronic disruption to the circadian rhythm due to transmeridian flying and 
working at night. This suggests that environmental factors are as important as biological ones 
in explaining circadian rhythmicity. Indeed, circadian rhythms are maintained through the 
interplay between endogenous (internal) and exogenous (external) influences (Pressman & 
Orr, 1997). Thus, at basic level, eveningness is related to an increase of jet lag symptoms, 
mediated by the discrepancy between biological and social timing. Cabin crew have their 
days off during week days and different tasks like child care, food shopping, house work, 
social activities, require scheduling activities earlier against their body clock, leading to 
higher subjective jet lag. However, this is only part of the story as subjective jet lag post-trip 
was not predicted by circadian phase or by chronotype, as assessed by the MEQ. In addition, 
the gap between subjective and circadian phase post-trip was predicted by feeling less hungry 
than normal at baseline and on crew‟s return. This finding indicated that symptom perception 
and eating patterns may have important implications for jet lag and the variability between 
subjective and circadian phase. Chapters 5 and 6 demonstrated that jet lag is also a 
psychological construct. For example, the belief that  jet lag is chronic related to perceived jet 
lag on the day before a long-haul flight and recovery from jet lag on crew‟s second day off 
was predicted by the belief that jet lag is cyclical in nature. Such findings demonstrated that 
sense making (Leventhal et al., 1980) not only relates to jet lag but it can alter the experience 
of symptoms. To this end, symptoms are not simply sensations that reflect our biology (e.g. 
circadian preference), but the values we attribute to the processing of external and internal 
information ultimately alter the way we feel (Pennebaker 1982; 1983; Gijsberg van Wijk et 
al., 1997). Thus, both bottom-up (sensations) and top-down (sense making) processes coexist 
in the experience of jet lag. However, the extent to which one predominates depends on other 
factors, such as stress, current illness experience (e.g. symptom acuteness post-trip) 
interaction with others and social messages (Leventhal et al., 1980). These factors may 
enhance top-down processes, causing variability in symptom perception. This was shown by 
the finding that late chronotype, subjectively measured, was related to late circadian phase 
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and perceived jet lag at baseline (Chapters 4 and 5) and recovery from jet lag (Chapter 6), but 
not immediately post-trip (symptom acuteness). Further, when a multidimensional outcome 
measure of jet lag was taken, the social dimension of jet lag became evident, in that the 
perceived satisfaction with social support from significant others related to the experience of 
jet lag the day before a long-haul flight, indicating that the wellbeing of cabin crew was 
related to social relationships. This presented further evidence that jet lag is a psycho-social 
construct. Finally, the current thesis showed that jet lag can be moderated through diet. The 
perception of low hunger at baseline and immediately post-flight was taken to represent 
disruption to food intake due to circadian and sleep disruption (Buxton et al., 2012), which 
can further exacerbate jet lag through a reduction in the temporal organisation between 
peripheral oscillators and the SCN. Taken from animal models (e.g. Mendoza et al., 2005), 
meal times are important zeitgebers for the re-alignment of peripheral oscillators which 
respond to food and the SCN which respond to light. The results showed that regular meal 
times improved subjective jet lag.  
Figure 7.1. Summary of results showing jet lag (unidimensional) is in part a psychological 
construct, not just a biological one which is influenced by sense making and can be 
moderated through diet. JL = perceived jet lag. CR = circadian rhythm. ME = mornigness-
eveningness (circadian preference). 
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As the effects were direct, and not mediated by an improvement in meal responses (e.g. 
hunger), the results indicated that expectations of recovery (instructions) may have affected 
the results. This and the observation that implementation intentions were effective at 
promoting a change in meal times provided evidence that the way we perceive information 
(e.g. mindset) can alter crew‟s experience of jet lag and that jet lag is a psycho-social 
construct as well a biological one.   
 
7.9 Methodological Limitations 
Several limitations were noted within each chapter‟s discussion. However, four broader 
methodological issues are discussed here. First, the sample size was small particularly for the 
studies in Chapters 3 and 4. Specifically, the demanding procedure for urine collection over 
24 hours discouraged participation and resulted in some missing data further reducing the 
sample size (from 35 to 28). Missing data were also a problem on the day crew returned 
home as they missed the repeated questions throughout the day due to sleeping during the 
day. This resulted in a reduction of the power of statistical tests. There is also concern that the 
long online survey (45 minutes) may have impacted on research uptake in Chapters 5 and 6. 
An acceptable number of cabin crew (N = 95) took part in the study in Chapter 5. However, it 
was noted that while 90 non-respondents had clicked on the survey 44 had accepted to carry 
out the survey and 27 had completed profile variables (see section 5.3.4).  If response rate 
was calculated on 185 participants this would be 51.3%. However in reality the invitation 
email to participate was sent to approximately „‟‟‟‟‟‟‟‟‟‟‟‟ long-haul cabin crew. The low 
response rate may have resulted in the under-representation of certain groups. This highlights 
the impact of reduced response rate for generalisation of the findings. Further, a larger sample 
size would have allowed for the inclusion of more variables in the regression analyses in 
Chapters 5 and 6 with better testing of the SRM model (illness representations and coping).  
 
Second, light was not measured throughout the thesis therefore the shifting effects to 
exposure to light during night flights (later arrival of homebound flight) on the phase delay 
observed could only be presumed (Chapter 5) or tested indirectly (e.g. timing of flights in 
Chapters 3, 5 and 6). A related problem with the measurement of melatonin is that indoor 
light (< 200 lux), is sufficient to suppress melatonin production (Gooley et al., 2012). 
Therefore, there may be a possibility that a delay in melatonin acrophase did not reflect a 
phase delay of participants' circadian rhythm but was merely an artefact caused by exposure 
to indoor light. However, urinary melatonin was chosen as it is more stable than salivary 
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melatonin and urine collection in dim-light conditions is not required. Nevertheless, 
participants were asked to carry out urine collection in dim-light in the evening, but this could 
not be verified. Therefore, light measurement in future research is needed to verify the 
validity of the results.   
 
Third, there is a certain assumption in circadian research that circadian rhythms are 
asymmetrically coupled, such that the central clock has a stronger influence on weaker 
physiological and behavioural rhythms. Therefore, the tendency is in measuring concurrent 
associations (rhythms measured at the same time), assuming that the circadian rhythm is 
nevertheless the cause of „weaker‟ processes. Thus, the observation that during jet lag 
individuals tend to wake up at a certain point of the circadian rhythm, regardless of local 
time, represents a causal relationship between circadian phase and wake time, when other 
variables are controlled for (e.g. forced desynchrony studies). However, in psychology, 
prediction is only assessed if a variable happens before another (lagged relationship in 
symptoms). This difference in methods and assumptions could lead to different results. In an 
attempt to establish the causal relationships between psycho-behavioural variables and jet lag 
on crew‟s first days off (Chapter 3), jet lag symptoms experienced at the same time (crew‟s 
first day off) were ignored. The implication is that the link between diet and jet lag may have 
been stronger or weaker if concurrent measurements had been included. However, the focus 
on concurrent assessment in circadian research may be due to the assumption that biological 
variables are „naturally‟ antecedents of behaviour whereas this is less true for symptom 
perception, which is influenced by a multitude of factors (which need to be controlled for 
using longitudinal data). However, there may be a problem is assuming that biological 
measures are naturally causal factors. For example, it could be argued that after years of 
flying, crew‟s tendency to phase delay may be due to a repeated pattern of phase delay, light 
exposure and altered feeding and sleep times rather than to a natural tendency to phase delay 
(eveningness). Therefore caution should be used when interpreting the results in terms of 
eveningness as a biological construct affecting the report of jet lag symptoms, as this may be 
also influenced by the impact of years of flying.   
 
Fourth, unlike for circadian phase shifts (readjustment rates, Aschoff et al., 1975) and chronic 
fatigue (CFQ „binary‟ and „Likert‟ scores), there are no cut-offs to indicate the presence of 
subjective jet lag. Therefore, jet lag was measured in terms of a significant statistical 
difference between baseline and post-trip levels.  Arendt et al. (1986) argued that a score of 5 
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(VAS) should be used to indicate the occurrence of jet lag. The levels of jet lag post-trip were 
6.19 (N = 35) on the day crew returned home and 4.71 (N = 28) on the crew‟s first day off 
day, close to the score of 5 in Arendt and colleagues‟ study (1986).  This was not validated.  
Jet lag cut-off scores would need to be validated against a gold standard. However, this is not 
available from research undertaken to date. As individuals suffer from social jet lag (the 
difference in the report of sleep, diet and cognitive decrements between week days and days 
off), it may also be useful to differentiate between jet lag on days off and weekdays to control 
for the impact of social jet lag on the experience of jet lag symptoms in crew.   
 
7.10 Theoretical Implications  
 
7.10.1 Subjective Versus Objective Jet Lag  
The present thesis is based on the theoretical framework of circadian rhythms (concept of 
endogenous sustained oscillators, Pittendrigh, 1958), according to which organisms on earth 
have evolved to anticipate changes in the environment (e.g. the 24-hour LD cycle) rather than 
just respond to them (Smith, Folkard, & Fuller, 2003). Our body clock, highly sensitive to 
light, mediates such periodic changes by regulating circadian rhythms such as sleep-wake, 
feeding-fasting, body core temperature (BCT) and endocrine rhythms (e.g. melatonin). With 
the advent of a 24-hour society, certain groups of people, such as long-haul cabin crew, have 
had to learn to cope with potential disruption to their rhythms on an ongoing basis. Using 
objective methods (e.g. actigraphy), it was possible to show that, in line with the evidence in 
the literature, crew‟s sleep adapts quickly after their return home. This was also confirmed by 
subjective measures. These findings suggest that crew may have adapted to sleep disruption 
by managing sleep, evidenced by the more frequent use of sleep strategies than eating 
strategies to combat jet lag (Chapter 5).  Evidence suggests that not everyone suffers from jet 
lag as a consequence of circadian desynchrony. Whilst individual differences in tolerance to 
circadian disruption is conceptualised mainly in terms of diurnal preference (genetic) and 
age, such biological perspective is limiting as it does not account for psychological aspects of 
circadian disruption. That is, it does not explain how humans can override circadian rhythms 
(which may be difficult) or feel more or less jet lagged in comparison to changes to the 
timing of the circadian rhythms. The present thesis demonstrated that post-flight there is no 
relationship between the magnitude of the change in circadian rhythm and changes in the 
prevalence of perceived jet lag, indicating that objective measures of jet lag do not 
correspond to subjective measures (during symptom acuteness).  If post-flight objective and 
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subjective jet lag do not correspond, a question arises as to whether one is more relevant than 
the other or whether both need to be measured each time we investigate jet lag in long-haul 
cabin crew. This may depend on the purpose of the study in question. If the aim is to provide 
a complete understanding of jet lag in cabin crew, as in the present thesis, then both methods 
are required. However, assuming that the present results can be replicated with a bigger 
sample of crew, knowledge that circadian preference relates to the tendency to phase delay 
(despite flight direction) and an increased report of perceived jet lag at baseline, could be 
used in the future. This means that if we know that a crew member is a late chronotype, 
which can be verified subjectively (MEQ), then we also know that he or she is going to suffer 
from higher levels of jet lag on days off than crew who are morning types. If circadian 
preference was the main influence on jet lag for crew, knowledge of this would be dangerous 
as it could lead to a „laissez faire‟ attitude, thinking that individuals have no control over their 
symptoms due to their biological make up. However, awareness that jet lag is also a psycho-
social construct ensures that individuals have control over jet lag symptoms and can  cope 
with them by perhaps changing their beliefs or getting more support from family and friends. 
To this end, future research should focus on how circadian preference interacts with illness 
cognitions rather than measure circadian phase and perceived jet lag in order to provide better 
understanding of the condition in cabin crew.  
 
7.10.2 Jet Lag as a Psycho-Social Construct 
The SRM (Leventhal et al., 1980) was applied to subjective jet lag as a means of 
understanding how illness cognitions may affect the variability in perception of symptoms of 
jet lag that may explain why some individuals tend to over report or  under report 
perceptions, leading to a discordance between subjective and circadian phase changes. To 
date, this has not been done. The results showed that SRM could be extended to the 
explanation of subjective jet lag as crew demonstrated the existence of interrelated beliefs 
about their condition. Despite the strong impact of chronicity on outcome (baseline 
multidimensional jet lag and PVT), the results showed that illness dimensions not only 
related to outcome but also caused changes to the experience of outcome. For example, the 
belief that jet lag is chronic is related to increased unidimensional jet lag and negative beliefs 
about the consequences of jet lag related to increased fatigue. Finally, a strong identity caused 
an increase in the perception of multidimensional jet lag which takes into account a variety of 
jet lag symptoms. As „baseline‟ corresponds to the last recovery day from the previous trip, 
the results also suggest that a change to beliefs may cause a change to outcome by reducing 
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chronicity. Thus, psychological theories such as the SRM can extend our understanding of 
how circadian rhythms relate to the experience of jet lag and also offer the possibility of 
changing beliefs to improve outcome. However, as the relationship between jet lag and 
illness cognitions was not mediated by coping, possibly due to the type of instrument used, 
more research needs to be carried out in terms of how illness cognitions affect the way crew 
cope with jet lag. There is some evidence that social support is an important variable in the 
wellbeing of crew (Chapter 5), therefore the SRM model, in the context of jet lag, may be 
refined to include socializing strategies (with family, friends and other crew members) that 
may help crew adapted to jet lag.     
 
7.10.3 The Role of Meal Times and Jet Lag 
As well as the influence of sense making on the experience of jet lag, the current thesis 
demonstrated that a simple meal plan to change meal times was effective in improving jet lag 
during crew‟s second recovery day. This finding extended our understanding of jet lag in 
terms of the potential influence of peripheral oscillators on the regulation of the circadian 
system. Traditional circadian models view biological and behavioural rhythms as 
synchronised by the SCN which is influenced by light. However, there is strong evidence 
from animal models (rodents, Mendoza et al., 2005; Kuroda et al., 2012) that non-photic 
stimuli, such as feeding times synchronise peripheral oscillators located in the stomach, liver 
and the gut. In humans altered metabolic responses (glucose, leptin, ghrelin rhythms) to 
disrupted meal times reflect the existence of peripheral oscillators. Such evidence extends our 
understanding of jet lag as the misalignment between peripheral and central clocks, and not 
just as the desynchrony between circadian rhythms and the LD cycle. Here, circadian 
desynchrony is due to contrasting signals uncoupling the two clocks (Reddy et al., 2005). 
Applied to humans, specifically to crew, following transmeridian travel, eating out of phase 
with the circadian rhythm, and possibly eating more snacks during the day, may cause low 
appetite before meals after their return home which would further exacerbate jet lag 
symptoms. Regular meals were successfully used to improve jet lag on days off, indicating 
that meal times are important zeitgebers for maintaining the self in synchrony. However, the 
effects were direct and not mediated by meals responses. Therefore while initially, the results 
provide support for animal models and the influence of peripheral oscillators, it was noted 
that the results could not provide an explanation for the mechanisms of influence of food 
intake on jet lag. Instead, the possibility that expectations (instructions) affected the results 
could not be excluded. Whist this is a problem for verifying the theory underlying the role of 
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peripheral oscillators and the FEO (Stephan, 2002) in resetting the circadian system in 
humans, the results reaffirmed that people‟s mindset can influence outcome. To this end, the 
psychological nature of jet lag is further evidenced. According to Blundell, Goodson, and 
Halford (2001), appetite control is based on a complex system of interactions between 
biology and psychology. The first level includes psychological events (e.g. hunger 
perception) and behavioural operations (e.g. meals snacks, energy intake). The second level 
includes peripheral physiology and metabolic responses and the third level involves 
neurotransmitters and metabolic interactions in the brain. Therefore, in order to elucidate the 
mechanisms of influence of food intake on jet lag, further research should measure events 
and processes at all levels and not just at the level of perceptions. The results also showed 
that implementations intentions are effective ways to implement eating behaviour change. 
Unlike goal intentions („I intend to eat regularly‟), implementations intentions specify where 
and when the goal will be achieved, creating an association between a specific situation and 
the desired behavioural response. It is thought that this difference explains the success of this 
type of intervention over goal intention in promoting change as self-regulatory problems are 
bypassed (Gollwitzer & Sheeran, 2006).  However, the effect of other variables such as 
motivation and simple goal intentions were not tested, thus further research is needed to 
evaluate the contribution of implementation intentions over and above other types of 
interventions.    
 
7.11 Implications for Future Research and Practice 
Based on much research and theory in Health Psychology, the present thesis sought to assess 
the predictors of the discordance (gap represented by residuals) between changes to 
subjective jet lag and circadian phase change post-flight in an attempt to offer a holistic 
explanation of this discordance. Prior research has tended to focus on either predicting jet lag 
or circadian phase, offering only part explanations. Altered appetite before meals was found 
to be a consistent predictor of subjective jet lag (Chapter 3) and the gap between changes to 
subjective jet lag and circadian phase change (Chapter 5). These findings had two 
implications. At a conceptual level, it demonstrated that eating out of phase has an impact on 
responses, causing changes to both subjective jet lag and circadian phase. This finding adds 
to the growing body of evidence that eating at inappropriate times has a negative impact on 
wellbeing in terms of metabolic responses (Hampton et al., 1996; Buxton et al., 2012), the 
risk of developing metabolic syndrome (Shibata et al., 2010) and increased subjective jet lag 
(Reynolds & Montgomery, 2002). At a practical level, the results in Chapter 4 offered the 
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possibility of ameliorating jet lag through improving the regularity of meals. Indeed the 
effectiveness of the dietary intervention in reducing subjective jet lag (unidimensional) 
during days off has important practical implications. It demonstrated that long-haul cabin 
crew can use meal times to improve recovery from jet lag during days off. Unlike other 
countermeasures (e.g. sleeping pills), eating regularly has the advantage of being simple and 
inexpensive without side effects. In addition, simple plans such as implementation intentions 
can be used to effectively promote a change in meal times. From the review of the literature, 
managing jet lag consists of two basic methods: i) realigning the circadian rhythm to the LD 
cycle (external synchronisation) or the SCN with the peripheral oscillators (internal 
synchronisation) and ii) treating the symptoms (e.g. sleeping pills). The dietary intervention 
relates to the first method that aims to reduce internal desynchrony. In animals, it is thought 
that altered temporal food intake synchronises peripheral oscillators to a different phase 
causing them to uncouple from the SCN which remains set by light (Mendoza et al., 2005). 
Thus, changing the timing of food can reduce the misalignment between peripheral 
oscillators and the SCN. However, larger and better controlled studies are needed to elucidate 
the mechanism effects of temporal food intake in humans.  
 
7.12 Conclusion 
The aim of the present thesis was to provide a complete understanding of jet lag in long-haul 
cabin crew by using objective and subjective measures. The thesis also sought to explore the 
predictors of the relationship between subjective jet lag and circadian phase change post-trip, 
in order to provide a holistic account of jet jag in long-haul cabin crew. Based on these 
findings an intervention to change meal times was used to ameliorate jet lag during crew‟s 
days off. Despite the limitations outlined above, the main results indicated that pre-trip there 
was a relationship between late circadian phase, indicative of eveningness, and subjective jet 
lag. These results were explained in terms of the discordance between biological and social 
timing (e.g. social jet lag), found in cabin crew who are evening types, exacerbating the 
experience of jet lag pre-trip.  However, circadian phase, objectively measured, and 
subjective jet lag were not related post-flight. Moreover, lower than normal perceived 
appetite predicted this discrepancy. The variability between objective and subjective jet lag 
and the impact of symptom perception (low perceived hunger) on the gap between subjective 
and objective jet lag indicated that factors other than genetic chronotype may explain the 
experience of jet lag. The SRM was used to explain how crew make sense of jet lag which 
could explain why some crew reported an increase in jet lag symptoms compared to their 
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circadian phase shift post-trip and vice versa. It was found that the belief that  jet lag is 
chronic related to perceived jet lag the day before a long-haul flight and recovery from jet lag 
on crew‟s second day off was predicted by the belief that jet lag is cyclical in nature. Such 
findings demonstrated that sense making (Leventhal et al., 1980) not only related to the 
experience of jet lag but illness cognitions modified the experience of jet lag in long-haul 
cabin crew. When a multidimensional measure of jet lag was used, perceived social support 
was negatively correlated to the report of jet lag and symptoms related to it (fatigue, sleep, 
diet, mood, bowel performance and sleepiness), suggesting that the wellbeing of crew is 
related to an increase in the perceived availability of supportive others, as suggested by the 
literature (Eriksen, 2006). Additionally, the finding that the formation of an implementation 
intention to alter meal times resulting in a reduction of jet lag indicated that meal times can 
be used to alleviate jet lag in long-haul crew and implementation intentions can be used to 
effectively promote a change in meal times. In sum, this thesis has demonstrated that jet lag is 
in part a psycho-social construct, not just a biological one which is influenced by sense 
making and can be moderated through diet.  
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Appendix 3: Data Pack (Chapters 3 & 4)  
 
 
 
 
JET LAG, SLEEP  
AND WELLBEING STUDY  
 
Contents:  
 
I. Participant information 
A. Participant Data Sheet        2 
B Participant Information Sheet         3  
C. Actiwatch Instruction Sheet                                     4 
D. Sleep Log         6 
E.            Urine Collection Instruction Sheet       7  
F. Urine Collection Record Sheet      9 
     
II. Questionnaires to be completed during: 
A. Day before flight        11  
B. Day you land       22  
C. 1st Day Off       29 
D. Last Day Off          35 
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PARTICIPANT DATA SHEET 
 
Subject number:________________ Actiwatch no.:________________ 
Age:_________________  Gender:  1- Male             2 - Female   
Marital Status: 1 - Single        2  -  Married          3 -  Divorced  
No. of Children: _____________________  Nationality: _____________________    
Length of Service: ________________ 
Contract type: 1 - Full Time  2 – Part-time:                 (indicate what type of contract) 
Grade:    
 
TRIP DESCRIPTION  
Destination: _______________  Date: ____________________ 
Report time: (local):______________  Trip length: _______________   
Time Change: +     or     -              h   from:  GMT   or    BST  (please circle)  
 
OUTBOUND SECTOR 
Departure time: ____________ Landing time: ____________ 
Duty time: _____________ 
INBOUND SECTOR 
Departure time: ____________ Landing time: ___________ 
Duty time: ____________ 
 
Number of days off: ______________ 
NUMBER OF DAYS OFF (including LEAVE) BEFORE TRIP: ______________ 
Commuter: 1 - YES  2 - NO  
Journey length: _________________    
 
Take Melatonin: 1 – YES (Cannot take part in study)  2 - NO  
   
Do you normally stay of UK time?: 1 - YES  2 - NO 
Did you stay on UK time on this trip?: 1 - YES  2 - NO    
 
Please circle appropriate answer where applicable 
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PARTICIPANT INFORMATION SHEET 
 
The relationship between jet lag, disruption to body clock and well-being in long-haul cabin 
crew. 
 
The aim of this study is to investigate the relationship between disruption to the body clock 
following long-haul flying (as measured by melatonin secretion), and your levels of well-being. 
Additionally, we are also looking at the influence of psychological factors such as your 
personality and coping style on that relationship. This study is being conducted as part of my PhD 
in Health Psychology at the University of Surrey. In order to take part you would need to 
complete a series of questionnaires which look at your preferences for different times of day for 
different activities as well as your personality, levels of well-being and coping style. In addition, 
you will be asked to provide urine samples for analysis and wear an activity-measuring watch 
(Actiwatch). The urine samples will be used for the measurement of melatonin and the Actiwatch 
will be used to measure your sleep/wake patterns. Any results will be treated as highly 
confidential. If the results are published in scientific journals or in any other fashion, it will be 
made in a way that fully protects your privacy. We will not use the sample for any other purpose 
without your full consent and you can withdraw from the study at any time without prejudice. 
The University of Surrey Ethics Committee has given this study a favourable ethical opinion. 
Please read the detailed information sheets for the urine samples and actiwatches before you 
agree to take part in this study. 
 
If you have any questions or queries about this study, please contact us on the following: 
 
Cristina Ruscitto (Health Psychology PhD student) c.ruscitto@surrey.ac.uk 
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PARTICIPANT INSTRUCTION SHEET 
 
Please complete the following items (questionnaires or saliva swabs) where you see a tick.  
Measure Day before 
flight 
Day you land 1st day off Last day off 
M.E.     
COPE     
Urine Coll.     
Sleep Log    
W.B. Q.     
Jet lag Q. *     
W.B.Q.= WellBeing Questionnaire 
M.E.= Morningness-Eveningness Questionnaire 
Jet Lag Q= Jet lag Questionnaire 
 
The order in which the above questionnaires are presented in this pack is the order in which they 
need to be completed (see headings: Day before the flight, Day Land, First Day Off, Last Day 
Off) 
 
Actiwatch Every day during the course of the study 
 
* In the Jet lag Questionnaire different questions need to be answered at different times of day. 
To help you with this here is a checklist: 
 
Local time  8.00 12.00 16.00 20.00 24.00 
Question no       
1 Jet lag      
2 Sleep      
3 Fatigue      
4 Meals      
5 Mood      
6 Bowel  activity      
 
 
To ease the process, the order in which items (1 - 6) above are presented IN THIS PACK matches 
the checklist above and the stage of study (e.g. day before flight).  
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ACTIWATCH INSTRUCTION SHEET 
 
 
 
 
 
 
The actiwatch is a device that monitors your sleep. It uses two magnetic strips embedded in the 
watch face to do this. What the actiwatch does is measure the levels of body movements 
throughout the day and night. This is achieved by a processor in the watch which examines how 
long the strips take to get back to their baseline after a period of movement and how far the strips 
actually move when movement is occurring. 
 
Start wearing the watch as you begin the Urine Collection.  You stop wearing the watch at 
the end of your Last Day OFF.  
 
There should be no interference to your normal daily leaving from the watch itself as no part of 
the equipment pierces the body, although there have been a few instances of the strap irritating 
the skin. However, although these occasions have been rare, if you do experience any problems 
with showering or exercising, all we ask is that you continue to wear it over your clothes and 
carry on with your daily life. Although waterproof take it off before swimming and sex.  
 
If there is a button, please press it before you go to sleep (lights off) and again on waking. This 
will measure your bed time and wake up time on the study days. Please also fill in the sleep log. 
 
 
 
SLEEP LOG INSTRUCTION SHEET 
 
The Sleep Diary is designed to assist with the actiwatch data analysis (improve its reliability). 
You will need to record your bed and get up times on  the Day before the flight, Day land, 1st 
Day OFF and the last Day OFF.  
 
Sleep Log -  GMT or BST (Please circle) 
 
 
Start date Example Day before 
Flight 
Day 
land 
1st Day off Last Day 
off 
Time in bed 
before lights out 
30 mins         
lights out 11:00 
pm 
        
Estimated time it 
took to fall asleep 
45 mins         
Time of 
awakening next 
morning 
7:30 am         
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URINE COLLECTION INSTRUCTION SHEET 
 
 
You will need to provide urine samples over a 24 hour period for the measurement of melatonin. You will have 
to do this yourself on 2 separate occasions:   
 
The day before flight  
1
st
 day off 
  
 
Collection starts the night before: 
 
e.g:  „‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟‟ report 08.35 h 
 
10/Oct  (Day before flight)  e.g. start urine sampling at 10 pm on 9 Oct – end 10 pm on 10  Oct. 
11/Oct   Flight out 
12/Oct 
13/Oct   
15/Oct   Flight back (Day land)      
16/Oct   OFF   (1
st
 day off) e.g. start urine sampling at 10 pm the night before- end 10 pm on 16  Oct 
17/Oct   OFF  
18/Oct   OFF (Last day off)    
 
Instructions: 
 
You are provided with the following to collect urine samples over a 24 hour period: 
 
1    x        Measuring Cylinder 
1    x        Litre Plastic Bottle 
some       Tippets (to transfer urine from Measuring Cylinder to small bottles)  
10  x        Small plastic bottles 
1    x        form to fill in volumes 
                Labels 
 
Procedure to follow: 
 
1. Empty bladder before going to bed or whenever you decide to begin collection and make 
a note of the time.  
2. Collect all urine passed during the night and on first getting up in the morning. (This 
should be approximately an 8 hour period e.g. midnight - 8.00 am).  
3. Measure volume, fill in volume on form noting exact time of sampling. 
4. Retain 2-3 ml sample in small tube. Labels tend to come off on thawing the samples! 
5. Fill in the label on small tube giving your subject number (from participant data sheet), 
date, time and volume. 
6. Please store the sample in a fridge or freezer. 
7. Next time you go to the toilet collect all the urine passed. 
8. Measure volume, fill in volume on form noting exact time of sampling. 
9. Retain 2-3 ml sample in small tube. Attach label to small tube using sellotape 
10. Fill in the label giving your subject number, date, time and volume. 
11. Please store the sample in a fridge or freezer. 
12. Continue collecting samples repeating steps 7 - 11 until the end of the collection period. 
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 Please ensure the procedure is carried out in dm-light at night. 
 Please note that you can start the urine collection at any time that is 
convenient to you provided you include overnight collection. Just note the 
time you emptied your bladder at the start of your collection period. It is 
important for analysis purposes that you note the exact time of sampling 
and an accurate volume. 
 If you forget to take a sample during the course of the 24h please still 
record the time and data of the missed sample. It will be important for the 
analysis of results. 
 Samples last longer in the freezer. 
 Please wash equipment with soapy water ready for next participant. 
 
URINE COLLECTION RECORD SHEET 
 
DAY: Day before flight 
 
SUBJECT NUMBER: _______________ 
  
DATE OF COLLECTION PERIOD: ___________________           
 
Time emptied bladder to begin collection period: __________________h 
 
 
DATE SAMPLE NO. ACTUAL TIME VOLUME (mls) 
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Day before flight                                   Date: _____________ 
Please complete the following: 
 
THE WELLBEING QUESTIONNAIRE  
 
Put a circle around the most appropriate answer. Indicate, for each item, how you feel at the 
moment. 
 
vv = definitely feel      
v   = feel slightly   
?   = uncertain     
no = definitely do not feel  
 
1 Tense vv v ? no 
2 Alert vv v ? no 
3 Cheerful vv v ? no 
4 Dejected vv v ? no 
5 Comfortable vv v ? no 
6 Drowsy vv v ? no 
7 Calm vv v ? no 
8 Activated vv v ? no 
9 Nervous vv v ? no 
10 Restful vv v ? no 
11 Sluggish vv v ? no 
12 Jittery vv v ? no 
13 Bothered vv v ? no 
14 Tired  vv v ? no 
15 Lively vv v ? no 
16 Vigorous vv v ? no 
17 Apprehensive vv v ? no 
18 Idle vv v ? no 
19 Active vv v ? no 
20 Relaxed vv v ? no 
21 Energetic vv v ? no 
22 Stimulated vv v ? no 
23 Contented vv v ? no 
24 Sleepy vv v ? no 
25 Worried vv v ? no 
26 Up-tight vv v ? no 
27 Pleasant vv v ? no 
28 Uneasy vv v ? no 
29 Distressed vv v ? no 
30 Peaceful vv v ? no 
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MORNINGNESS-EVENINGNESS QUESTIONAIRE 
INSTRUCTIONS 
 
1. Please read each question very carefully before answering. 
2. Answer all questions 
3. Answer questions in numerical order 
4. Each question should be answered independently of others. Do NOT go back and  check your answers 
5. For some questions, you are required to respond by placing a  against the 
answer. In  such  cases, select ONE answer only.  
6.  Please answer each question as honestly as possible. Both your answers and  results  will be kept in 
strict confidence. 
 
 e.g.:  
 
 a. Not at all dependent 
 b. Slightly dependent 
 c. Fairly dependent 
 d. Very dependent 
 
QUESTION 1 
Considering only your feelings, at what time would you get up if you were entirely free to plan your day? 
 
Time: ……………….. 
 
QUESTION 2 
Considering only your own feelings, at what time would you go to bed if you were entirely free to plan your 
day? 
 
Time: ………………… 
 
QUESTION 3 
If there is a specific time you have to get up in the morning, to what extent are you dependent on being woken 
up by an alarm clock? 
 
 a. Not at all dependent 
 b. Slightly dependent 
 c. Fairly dependent 
 d. Very dependent 
 
QUESTION 4 
Assuming adequate environmental conditions, how easy do you find getting up in the morning? 
 
 a. Not at all easy 
 b. Slightly easy 
 c. Fairly easy 
 d. Very easy 
 
QUESTION 5 
How alert do you feel during the first half hour after having woken in the morning? 
 
 a. Not at all alert 
 b. Slightly alert 
 c. Fairly alert 
 d. Very alert 
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QUESTION 6 
How is your appetite during the first half hour after having woken in the morning? 
 
 a. Not at all good  
 b. Slightly good 
 c. Fairly good 
 d. Very good 
 
QUESTION 7 
During the first half hour after having woken in the morning, how tired do you feel? 
 
 a. Very tired 
 b. Slightly tired 
 c. Fairly refreshed 
 d. Very refreshed 
 
QUESTION 8 
When you have no commitments the next day, at what time do you go to bed compared to your usual bedtime? 
 
 a. Seldom or never late 
 b. less than one hour later 
 c. 1-2 hours later 
 d. More than 2 hours later 
 
QUESTION 9 
You have decided to engage in some physical exercise. A friend suggests that you do this one hour twice a week 
and the best time for him is between 07:00 h and 08:00h. Bearing in mind nothing else but your own 
inclinations, how do you think you would perform? 
 
 a. Would be on good form  
 b. Would be on reasonable form 
 c. Would find it difficult 
 d. Would find it very difficult 
 
QUESTION 10 
At what time in the evening do you feel tired and in need of sleep? 
 
Time: …………………………. 
 
QUESTION 11 
You wish to be at your peak for a test which you know is going to be mentally exhausting and lasting for hors. 
You are entirely free to plan your day, when would you do this task? 
 
 a. 0800 - 1000  
 b. 1100- 1300 
 c. 1500 - 1700 
 d. 1900 - 2100 
 
QUESTION 12 
If you went to bed at 2300h at what level of tiredness would you be? 
 
 a. Not at all tired 
 b. A little tired 
 c. Fairly tired 
 d. Very tired 
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QUESTION 13 
For some reason you have gone to bed several hours later than usual, but there is no need to get up at any 
particular time the next morning. Will you: 
 
 a. Wake up at the usual time and not go back to sleep 
 b. Wake up at the usual time and doze 
 c. Wake up at the usual time and go back to sleep 
 d. Wake up later than usual 
 
 
QUESTION 14 
One night you have to remain awake between 04:00h and 06:00h. You have no commitments the next day. 
Which suits you best: 
 a. Not go to bed until 0600h 
 b. Nap before 0400h and sleep after 0600h 
 c. Sleep before 0400h and nap after 0600h 
 d. Sleep before 0400h and remain awake after 0600h 
 
QUESTION 15 
You have to do hours physical work. Which hours would you prefer to do it between: 
 a. 0800 – 1000 
 b. 1100 -1300 
 c. 1500 - 1700 
 d. 1900 - 2100 
 
 
QUESTION 16 
You have decided to engage in some physical exercise. A friend suggests that you do this between 2200 and 
2300h twice a week. How do you think you would perform: 
 
 a. Would be on good form   
 b. Would be on reasonable form 
 c. Would find it difficult   
 d. Would find it very difficult 
 
 
QUESTION 17 
Suppose that you can choose your own work hours, but had to work five hours in the day. Which five 
consecutive hours would you choose: 
 
Hours: ………………………………....... 
 
 
QUESTION 18 
At what time of day do you feel your best? 
 
Time: ………………………………........ 
 
QUESTION 19 
One hears of “morning” and “evening” types. Which do you consider yourself to be? 
 a. Morning type    
 b. More morning than evening 
 c. More evening than morning  
 d. Evening type 
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COPE 
 
We are interested in how people respond when they confront difficult events in their lives. There are lots of 
ways to try to deal with them.  This questionnaire asks you to indicate what you generally do and feel, when you 
experience difficult events.  Obviously, different events bring out somewhat different responses, but think about 
what you usually do when you attempt to cope with difficult situations.  
Respond to each of the following items by choosing a number (1-4) on your answer sheet for each, using the 
response choices listed just below.  Please try to respond to each item separately in your mind from each other 
item.  Choose your answers thoughtfully, and make your answers as true FOR YOU as you can.  Please answer 
every item.  There are no "right" or "wrong" answers, so choose the most accurate answer for YOU--not what 
you think "most people" would say or do.  Indicate what YOU usually do when YOU experience a difficult 
event.  
      
        
       1 = I usually don't  do this at all  
       2 = I usually do this a little bit  
       3 = I usually do this a medium amount  
       4 = I usually do this a lot  
 
1.      I try to grow as a person as a result of the experience   
2.     I turn to work or other substitute activities to take my mind off things   
3.     I get upset and let my emotions out   
4.     I try to get advice from someone about what to do   
5.     I concentrate my efforts on doing something about it   
6.     I say to myself "this isn't real."   
7.     I put my trust in God   
8.     I laugh about the situation   
9.     I admit to myself that I can't deal with it, and quit trying   
10.   I restrain myself from doing anything too quickly   
11.   I discuss my feelings with someone   
12.   I use alcohol or drugs to make myself feel better   
13.   I get used to the idea that it happened   
14.   I talk to someone to find out more about the situation   
15.   I keep myself from getting distracted by other thoughts or activities   
16.   I daydream about things other than this   
17.   I get upset, and am really aware of it   
18.   I seek God's help   
19.   I make a plan of action   
20.   I make jokes about it   
21.   I accept that this has happened and that it can't be changed   
22.   I hold off doing anything about it until the situation permits   
23.   I try to get emotional support from friends or relatives   
24.   I just give up trying to reach my goal   
25.   I take additional action to try to get rid of the problem   
26.   I try to lose myself for a while by drinking alcohol or taking drugs   
27.   I refuse to believe that it has happened   
28.   I let my feelings out   
29.   I try to see it in a different light, to make it seem more positive   
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30.   I talk to someone who could do something concrete about the problem   
31.   I sleep more than usual   
32.   I try to come up with a strategy about what to do   
33.   I focus on dealing with this problem, and if necessary let other things slide a little   
34.   I get sympathy and understanding from someone   
35.   I drink alcohol or take drugs, in order to think about it less   
36.   I kid around about it   
37.   I give up the attempt to get what I want   
38.   I look for something good in what is happening   
39.   I think about how I might best handle the problem   
40.   I pretend that it hasn't really happened   
41.   I make sure not to make matters worse by acting too soon   
42.   I try hard to prevent other things from interfering with my efforts at dealing with  this   
43.   I go to movies or watch TV, to think about it less   
44.   I accept the reality of the fact that it happened   
45.   I ask people who have had similar experiences what they did   
46.   I feel a lot of emotional distress and I find myself expressing those feelings  a lot    
47.   I take direct action to get around the problem   
48.   I try to find comfort in my religion   
49.   I force myself to wait for the right time to do something   
50.   I make fun of the situation   
51.   I reduce the amount of effort I'm putting into solving the problem   
52.   I talk to someone about how I feel   
53.   I use alcohol or drugs to help me get through it   
54.   I learn to live with it   
55.   I put aside other activities in order to concentrate on this   
56.   I think hard about what steps to take   
57.   I act as though it hasn't even happened   
58.   I do what has to be done, one step at a time   
59.   I learn something from the experience   
60.   I pray more than usual    
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JET LAG QUESTIONNAIRE 
 
The Jet lag Questionnaire needs to be completed on the Day before the flight, Day you land, 1st Day Off and 
Last Day Off. However, you will have to answer different questions at different times of day. In order to do this 
please only answer questions relevant to the time of day e.g. 8.00, 12.00, 16.00, 20.00 and 24,00 (as near as 
possible). Please also refer to the checklist on the PARTICIPANT INSTRUCTION SHEET.  Please mark on 
the dotted line the point that you feel represents your perception of jet-lag. e.g.: 
 
1. JET-LAG: 
How much jet-lag do you have? 
0--------------------------------------------------------------------------------------   10  
(insignificant jet-lag)                                                                      (very bad jet-lag) 
 
  
8.00 h 
 
1. JET-LAG: 
How much jet-lag do you have? 
0--------------------------------------------------------------------------------------------10  
(insignificant jet-lag)                                                                      (very  bad  jet-lag) 
 
2. LAST NIGHT'S SLEEP. When compared with normal:  
a. How easily did you get to sleep? 
-5----------------------------------------------0----------------------------------------------+5 
(less)                                                  (normal)                                                 (more) 
 
b. What time did you get to sleep?              
-5----------------------------------------------0---------------------------------------------+5 
 (earlier)                                             (normal)                                                (later) 
 
c. How well did you sleep? 
-5----------------------------------------------0---------------------------------------------+5 
 (more waking episodes)                     (normal)                                   (fewer waking episodes) 
 
 
d. What was your waking time?             
-5----------------------------------------------0---------------------------------------------+5 
 (earlier)                                              (normal)                                               (later) 
 
e. How alert did you feel 30 min after rising? 
-5----------------------------------------------0----------------------------------------------+5 
 (less)                                                 (normal)                                                  (more) 
 
3. FATIGUE: 
In general, compared to normal, how tired do you feel at the moment? 
-5----------------------------------------------0---------------------------------------------+5 
 (less)                                                   (normal)                                                   (more) 
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12.00 h 
1. JET-LAG: 
How much jet-lag do you have? 
0--------------------------------------------------------------------------------------------10 
(insignificant jet-lag)                                                                      (very bad jet-lag) 
3. FATIGUE: 
In general, compared to normal, how tired do you feel at the moment? 
-5----------------------------------------------0---------------------------------------------+5 
(less)                                                 (normal)                                                (more) 
 
4. MEALS. Compared with normal:  
a. How hungry did you feel before your meal? 
-5----------------------------------------------0---------------------------------------------+5 
 (less)                                                (normal)                                                (more) 
 
b. How palatable (appetising) was the meal? 
-5----------------------------------------------0---------------------------------------------+5 
 (less)                                                 (normal)                                                 (more) 
 
c. After your meal, how do you now feel? 
-5----------------------------------------------0---------------------------------------------+5 
 (still hungry)                                    (satisfied)                                              (bloated) 
  
5. MENTAL PERFORMANCE AND MOOD. Compared with normal:  
a. How well have you been able to concentrate? 
-5----------------------------------------------0---------------------------------------------+5 
 (worse)                                             (normal)                                                 (better) 
 
b. How motivated do you feel? 
-5----------------------------------------------0---------------------------------------------+5 
 (less)                                                 (normal)                                                 (more) 
 
c. How irritable do you feel? 
-5----------------------------------------------0---------------------------------------------+5 
 (less)                                                 (normal)                                                  (more) 
 
 
 
16.00 h 
 
1. JET-LAG: 
How much jet-lag do you have? 
0--------------------------------------------------------------------------------------------10   
(insignificant jet-lag)                                                                      (very  bad  jet-lag) 
3. FATIGUE: 
In general, compared to normal, how tired do you feel at the moment? 
-5----------------------------------------------0---------------------------------------------+5 
 (less)                                                  (normal)                                                 (more) 
 
4. MEALS. Compared with normal:  
a. How hungry did you feel before your meal? 
-5----------------------------------------------0---------------------------------------------+5 
 (less)                                                 (normal)                                                    (more) 
 
b. How palatable (appetising) was the meal? 
-5----------------------------------------------0---------------------------------------------+5 
(less)                                                 (normal)                                                     (more) 
 
 
c. After your meal, how do you now feel? 
-5----------------------------------------------0---------------------------------------------+5 
 (still hungry)                                   (satisfied)                                                 (bloated) 
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5. MENTAL PERFORMANCE AND MOOD. Compared with normal:  
a. How well have you been able to concentrate? 
-5----------------------------------------------0---------------------------------------------+5 
 (worse)                                            (normal)                                                   (better) 
 
b. How motivated do you feel? 
-5----------------------------------------------0---------------------------------------------+5 
 (less)                                                (normal)                                                     (more) 
 
c. How irritable do you feel? 
-5----------------------------------------------0---------------------------------------------+5 
 (less)                                                   (normal)                                                  (more) 
 
20.00 h 
 
1. JET-LAG: 
How much jet-lag do you have? 
0--------------------------------------------------------------------------------------------10                                                                       
(insignificant jet-lag)         (very bad jet-lag)    
  
3. FATIGUE: 
In general, compared to normal, how tired do you feel at the moment? 
-5----------------------------------------------0---------------------------------------------+5 
 (less)                                                  (normal)                                                (more) 
 
4. MEALS. Compared with normal:  
a. How hungry did you feel before your meal? 
-5----------------------------------------------0---------------------------------------------+5 
 (less)                                                 (normal)                                                 (more) 
 
b. How palatable (appetising) was the meal? 
-5----------------------------------------------0---------------------------------------------+5 
 (less)                                                (normal)                                                      (more) 
 
c. After your meal, how do you now feel? 
-5----------------------------------------------0---------------------------------------------+5 
 (still hungry)                                   (satisfied)                                                 (bloated) 
 
24.00 h 
 
1. JET-LAG: 
How much jet-lag do you have? 
0--------------------------------------------------------------------------------------------10                                                                      
(insignificant jet-lag)                (very bad  jet-lag)   
   
3. FATIGUE: 
In general, compared to normal, how tired do you feel at the moment? 
-5----------------------------------------------0---------------------------------------------+5 
 (less)                                                     (normal)                                             (more) 
6. BOWEL ACTIVITY TODAY. Compared with normal:  
a. How frequent have your bowel motions been? 
-5----------------------------------------------0---------------------------------------------+5 
(less)                                                    (normal)                                                (more) 
 
b. How has the consistency been? 
-5----------------------------------------------0---------------------------------------------+5 
 (harder)                                            (normal)                                                  (looser) 
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Day you land back home     Date: ___________ 
 
Measures: Wellbeing and jet lag questionnaire (as shown in „Day before the flight‟) 
 
1ST Day OFF      Date: _______________ 
 
Measures: Wellbeing, jet lag questionnaire (as shown in „Day before the flight‟) and urinary melatonin 
collection (starts the night before) 
 
URINE COLLECTION RECORD SHEET 
 
DAY:      1st Day OFF 
SUBJECT NUMBER: _________________ 
 
DATE OF COLLECTION PERIOD: __________________ 
 
Time emptied bladder night before to begin collection period: __________________h 
 
 
 
DATE SAMPLE NO. ACTUAL TIME VOLUME (mls) 
    
    
    
 
 
LAST Day OFF      Date: ____________ 
 
Measures: Wellbeing and jet lag questionnaire (as shown in „Day before the flight‟) 
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Appendix 4: Participant Consent Form 
                                                                                                   
The relationship between jet lag, disruption to body clock and well-being in long-haul cabin 
crew 
 
I, the undersigned, voluntarily agree to take part in the study. 
 
I have been given a full explanation by the investigator of the nature and purpose of the study and 
understand that my contribution will be to provide urine samples, wear the actiwatch and fill the 
designated questionnaires. I have been given the opportunity to question the investigator on all 
aspects of the study, and have understood the advice and information given as a result. 
 
All documentation held on a participant is in the strictest confidence and complies with the Data 
Protection Act (1998). All questionnaires will be destroyed after completion.   
 
I confirm that I have read and understood the above and freely consent to participating in this 
study. I have been given adequate time to consider my participation and agree to comply with the 
instructions and restrictions of the study.  
 
I have the right to withdraw from the study at any time without prejudice. 
 
This form will be provided on computer disc or tape if required. 
 
 
………………………….. 
Signature 
 
 
………………………….. 
Name 
 
 
…………………………… 
Date 
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Appendix 6: Response Rate (Chapter 3) 
Within-Day Analyses 
Composite scores across the four study days e.g. jet lag at 8:00 h at T1 (baseline), T2 (day 
land), T3 (first day off) and T4 (last day off) were created by allowing for a maximum of 
one missing values for each time point across the study. As a result, cases with more than one 
missing value were excluded. 
 
Table 1 
Sample Size for Within-Day Analyses 
 
 
 
 
Variable No. of cases with 1 missing value Day of missing value No. of cases excluded Day of missing value N
Jet Lag 8h 4 T2 3 T2 x3, T3 x3, T4x2 32
Jet Lag 12h 8 T2 1 T2 x1, T4 x1 34
Jet Lag 16h 4 T2 x3, T4x1 35
Jet Lag 20h 1 T4 35
Jet Lag 24h 3 T2x2, T4x1 2 T2 x2, T3 x2,T4x2 33
Jet Lag 29
Fatigue 8h 4 T2 3 T2 x3, T3 x3, T4x2 32
Fatigue 12h 8 T2 1 T2 x1, T4 x1 34
Fatigue 16h 4 T2 x3, T4x1 35
Fatigue 20h 1 T4 35
Fatigue 24h 3 T2x2, T4x1 2 T2 x2, T3 x2,T4x2 33
Fatigue 29
Hunger 12h 9 T2 1 T2 x1, T4 x1 34
Hunger 16h 3 T2 1 T2 x1, T4 x1 34
Hunger 20h 1 T2 x1, T4 x1 34
Hunger 34
Palatability 12h 9 T2 1 T2 x1, T4 x1 34
Palatability 16h 4 T1x1, T2x2 1 T2 x1, T4 x1 34
Palatability  20h 1 T2 x1, T4 x1 34
Palatability 34
Satiety 12h 9 T2 1 T2 x1, T4 x1 34
Satiety 16h 4 T1x1, t2x2 1 T2 x1, T4 x1 34
Satiety 20h 1 T2 x1, T4 x1 34
Satiety 34
Concentration 12h 8 T2 1 T2 x1, T4 x1 34
Concentration 16h 4 T2x2, T4x2 35
Concentration 34
Motivation 12h 8 T2 1 T2 x1, T4 x1 34
Motivation 16h 4 T2x2, T4x2 35
Motivation 34
Irritability 12h 8 T2 1 T2 x1, T4 x1 34
Irritability 16h 4 T2x2, T4x2 35
Irritability 34
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Appendix 7: Within-Day Graphs 
 
Figure 1. The mean values of jet lag and fatigue at five times of measurement per each study 
day: Baseline (T1), Day Land (T2), First Day (T3) Off and Last Day Off (T4).*Variables 
showed a significant within-day effect. 
t
Variables showed a trend towards significance.  
 
 
Figure 2. The mean values of Hunger, Palatability at T2 (Day Land) and Irritability at T3 
(First Day Off) showing a significant within-day effect. Satiety showed a trend towards 
significance. 
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Appendix 8: Response Rate for Composite Score (T1 & T2) – (Chapter 4) 
 
Regression Analyses 
To examine the relationship between psycho-behavioural variables and subjective jet lag, 
composite scores for T1 and T2 were created. Daily means were created by allowing for a 
maximum of two missing values for variables with five testing times per day (e.g. jet lag) and 
a maximum of one missing value for variables with two and three testing times (e.g. mood 
and attitudes to meals).  However, when creating composite scores for T1 and T2, cases with 
missing daily means at T1 or T2 were excluded to reduce the impact of missing values on the 
results (Table 1). 
 
Table 1 
Response Rate and Sample Size (Number of Participants x Times of Testing) for Composite 
Scores of Psycho-behavioural Variables at T1, T2 (Baseline and Day Land)  
Variable Test times 
Max no. of 
possible 
responses  
No of actual 
responses 
Response rate  N after case 
deletion 
T1,2 T1,2 T1,2 
Jet lag 5 350 327 93% 31 
Fatigue 5 350 327 93% 31 
Ease of sleep 1 70 61 89% 26 
Time to sleep 1 70 59 84% 24 
Sleep quality 1 70 61 87% 26 
Waking Ttime 1 70 60 86% 25 
Waking alertness 1 70 61 87% 26 
Hunger 3 210 196 93% 31 
Palatability 3 210 195 93% 31 
Satiety 3 210 195 93% 31 
Concentration 2 140 129 92% 31 
Motivation 2 140 129 92% 31 
Irritability 2 140 129 92% 31 
Bowel frequency 1 70 65 93% 31 
Bowel consistency 1 70 64 91% 31 
Stress (SACL) 1 70 70 100% 35 
Arousal (SACL) 1 70 70 100% 35 
Sleep efficiency  1 70 70 100% 35 
Sleep latency 1 70 70 100% 34 
Fragmentation index 1 70 70 100% 34 
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Appendix 9: Diagnostic Plots for Jet Lag at 8:00 h T3 (First Day Off) 
 
 
Figure 1. Distribution of standardised residuals. 
 
 
Figure 2. P-P Plot of regression standardised residuals. 
 
 
 
Figure 3.Scatterplot of standardised residuals against standardised predicted values indicating heteroscedasticity 
(the variance of the error term is not constant across cases – residuals become more spread out in the middle).  
 
Figure 4.Scatterplot of standardised residuals against standardised predicted values following log transformation 
of subjective jet lag at 8:00 h at baseline indicating no change in the model fit.  
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Appendix 11: Coding of Residuals (Chapter 5) 
Table 1 
Residuals Obtained from Regression of Subjective Jet Lag change scores onto Objective Jet 
Lag change scores (Direction of Shift of Melatonin Acrophase)  
 
 
Unstansardised Residuals  
Value Cumulative Percent 
-4.87 3.6 
-3.56 7.1 
-3.51 10.7 
-3.02 14.3 
-2.92 17.9 
-2.89 21.4 
-2.41 25.0 
-2.20 28.6 
-2.19 32.1 
-1.98 35.7 
-1.18 39.3 
-0.80 42.9 
-0.62 46.4 
-0.36 50.0 
-0.04 53.6 
0.55 57.1 
0.80 60.7 
0.86 64.3 
0.89 67.9 
1.80 71.4 
1.90 75.0 
2.48 78.6 
2.88 82.1 
3.46 85.7 
3.63 89.3 
4.00 92.9 
4.60 96.4 
4.68 100.0 
 
 
 
 
 
 
 
Coding Nature of jet lag n % 
0 = Matched 8 28.6 
-1= Less Subjective 11 39.3 
+ 1 = More Subjective 9 32.1 
 
A positive Residual equates to greater than 
expected Subjective Jet Lag scores given the value 
of their Objective Jet lag change scores. A 
negative Residual represents lower than expected 
Subjective Jet Lag change scores given the values 
of their Objective Jet Lag change scores (aMT6s 
acrophase time). A margin of error was used (- 
.99, + 0.99) where participants were categorized 
as Matched (change in Subjective Jet Lag related 
to change in circadian rhythm).  The proportion of 
participants with residual values greater than 0.99 
(+1) were categorised as having more Subjective 
Jet lag than expected and the proportion of 
participants with residual values less than -0.99 (-
1) were categorised as having less Subjective Jet 
lag than expected.  
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Table 2 
Residuals Obtained from Regression of Subjective Jet Lag change scores onto Objective Jet 
Lag change scores (Size of Shift of Melatonin Acrophase)  
  Unstansardised Residuals  
Value Cumulative Percent 
-4.87 3.6 
-3.56 7.1 
-3.51 10.7 
-3.02 14.3 
-2.92 17.9 
-2.89 21.4 
-2.41 25.0 
-2.20 28.6 
-2.19 32.1 
-1.98 35.7 
-1.18 39.3 
-0.80 42.9 
-0.62 46.4 
-0.36 50.0 
-0.04 53.6 
0.55 57.1 
0.80 60.7 
0.86 64.3 
0.89 67.9 
1.80 71.4 
1.90 75.0 
2.48 78.6 
2.88 82.1 
3.46 85.7 
3.63 89.3 
4.00 92.9 
4.60 96.4 
4.68 100.0 
 
 
Coding Nature of Jet Lag n % 
0 = No 7 25.0 
-1= Less Subjective 11 39.3 
+ 1 = More Subjective 10 35.7 
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Appendix 12: Ethical Approval (Chapters 5 & 6) 
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Appendix 16: Measures Used in Chapters 5 and 6 
 
 
 
 
 
 
 
 
WORKING PREPARATION STRATEGIES 
Listed below are some questions about work preparation strategies regarding sleep the night before a flight, 
napping and eating strategies. Please choose an appropriate answer (Never to Always).    In general, before 
you go on a long-haul flight, how often do you...........? 
  
 
Never Rarely Sometimes Often Always 
1 Ensure your bedroom is cool?      
2 Ensure your bedroom is quiet? 
      
3 Avoid using sleeping pills 
      
4 Avoid using alcohol as a sleeping aid? 
      
5 Nap
1
 before an outbound night-flight 
(local time)? 
 
     
6 Nap
1
 before a homeward night-flight 
(local time)? 
 
     
7 Stay on home time during a layover of 
48 hours or less with a time change of 
+/-3 hours or less? 
     
8 Stay on home time during a layover of 
more than 48 hours or more with a 
time change of  +/- 4 or more? 
     
9 Ensure your bedroom is dark? 
      
10 Avoid caffeine within 4 hours before 
bed? 
 
     
11 Interrupt sleep to eat at regular meal 
times (home time)?      
12 Eat at regular meal times (home time)? 
      
13 Avoid eating less than an hour before 
going to bed?      
14 Have 3 balanced meals a day?  
      
 
1. No more than 45 minutes 
Faculty of Arts & Human Sciences 
AD Building 
Guildford, 
Surrey GU2 7XH UK 
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Brief COPE 
We are interested in how people respond when they confront difficult events in their lives. There are lots of 
ways to try to deal with them. This questionnaire asks you to indicate what you generally do and feel, when you 
experience difficult events. Obviously, different events bring out somewhat different responses, but think about 
what you usually do when you attempt to cope with difficult situations. Respond to EACH of the following 
items by placing a tick against the most appropriate answer.  Please try to respond to each item separately in 
your mind from each other item. Choose your answers thoughtfully, and make your answers as true FOR YOU 
as you can. Please answer every item. There are no "right" or "wrong" answers, so choose the most accurate 
answer for you--not what you think "most people" would say or do. Indicate what YOU usually do when YOU 
experience a difficult event. 
 
Example: 
  I usually 
don't  do this 
at all     
I usually do 
this a little bit 
I usually do 
this a medium 
amount 
I usually do 
this a lot 
 I turn to work or other activities 
to take my mind off things. 
 
    
 
  
 
 
I usually 
don't  do 
this at all     
 
I usually do 
this a little 
bit 
I usually do 
this a 
medium 
amount 
I usually 
do this a 
lot 
1 I turn to work or other activities to 
take my mind off things. 
 
    
2 I concentrate my efforts on doing 
something about the situation I'm in.     
3 I say to myself "this isn't real". 
     
4 I use alcohol or other drugs to make 
myself feel better. 
 
    
5 I get emotional support from others. 
     
6 I give up trying to deal with it. 
     
7 I take action to try to make the 
situation better. 
 
    
8 I refuse to believe that it has 
happened. 
 
    
9 I say things to let my unpleasant 
feelings escape. 
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10 I get help and advice from other 
people. 
 
    
11 I use alcohol or other drugs to help me 
get through it. 
 
    
12 I try to see it in a different light, to 
make it seem more positive.     
13 I criticize myself. 
     
14 I try to come up with a strategy about 
what to do 
    
15 I get comfort and understanding from 
someone. 
 
    
16 I give up the attempt to cope. 
     
17 I look for something good in what is 
happening. 
 
    
18 I make jokes about it. 
     
19 I do something to think about it less, 
such as going to movies, watching 
TV, reading, daydreaming, sleeping, 
or shopping. 
    
20 I accept the reality of the fact that it 
has happened.     
21 I express my negative feelings.     
22 I try to find comfort in my religion or 
spiritual beliefs.     
23 I try to get advice or help from other 
people about what to do.     
24 I learn to live with it.     
25 I think hard about what steps to take.     
26 I blame myself for things that 
happened.     
27 I pray or meditate.     
28 I make fun of a situation     
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SOCIAL SUPPORT QUESTIONNAIRE 
 
The following questions ask about people in your life who provide you with help or support. Each question has 
two parts. For the first part, list all the people you know, excluding yourself, whom you can count on for help or 
support in the manner described. Give the person‟s initials and their relationship to you (see example). 
 
Do not list more than one person next to each of the numbers beneath the question. 
For the second part, circle how satisfied you are with the overall support you have.  
 
If you have no support for a question, check the words “No one,” but still rate your level of satisfaction.  
 
Do not list more than nine persons per question. Please answer all questions as best you can. All your answers 
will be kept confidential. 
 
Example: 
Who do you know whom you can trust with information that could get you in trouble? 
No one 1) T.N. (brother)  4) T.N. (father)  7) 
 2) L.M. (friend) 5) L.M. (employer) 8) 
 3) R.S. (friend) 6) 9) 
 
How Satisfied? 
Very 
satisfied 
Fairly 
satisfied 
A little 
satisfied 
A little 
dissatisfied 
Fairly 
dissatisfied 
Very 
Dissatisfied 
 
     
 
 
1. Whom can you really count on to be dependable when you need help? 
No one 1)  4).  7) 
 2)  5)  8) 
 3)  6) 9) 
 
How Satisfied? 
 
Very 
satisfied 
Fairly 
satisfied 
A little 
satisfied 
A little 
dissatisfied 
Fairly 
dissatisfied 
Very 
dissatisfied 
      
 
2. Whom can you really count on to help you feel more relaxed when you are under 
pressure or tense? 
No one 1)  4)  7) 
 2)  5)  8) 
 3)  6) 9) 
 
 
How Satisfied? 
 
Very 
satisfied 
Fairly 
satisfied 
A little 
satisfied 
A little 
dissatisfied 
Fairly 
dissatisfied 
Very 
dissatisfied 
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3. Who accepts you totally, including both your worst and your best points? 
No one 1)  4).  7) 
 2)  5)  8) 
 3)  6) 9) 
 
How Satisfied? 
Very 
satisfied 
Fairly 
satisfied 
A little 
satisfied 
A little 
dissatisfied 
Fairly 
dissatisfied 
Very 
dissatisfied 
      
 
4. Whom can you really count on to care about you, regardless of what is happening to 
you? 
No one 1)  4)  7) 
 2)  5)  8) 
 3)  6) 9) 
 
How Satisfied? 
 
Very 
satisfied 
Fairly 
satisfied 
A little 
satisfied 
A little 
dissatisfied 
Fairly 
dissatisfied 
Very 
dissatisfied 
      
 
5. Whom can you really count on to help you feel better when you are feeling generally 
down-in-the dumps? 
No one 1)  4)  7) 
 2)  5)  8) 
 3)  6) 9) 
 
How Satisfied? 
 
Very 
satisfied 
Fairly 
satisfied 
A little 
satisfied 
A little 
dissatisfied 
Fairly 
dissatisfied 
Very 
dissatisfied 
      
 
6. Whom can you count on to console you when you are very upset? 
No one 1)  4)  7) 
 2)  5)  8) 
 3)  6) 9) 
 
How Satisfied? 
 
Very 
satisfied 
Fairly 
satisfied 
A little 
satisfied 
A little 
dissatisfied 
Fairly 
dissatisfied 
Very 
dissatisfied 
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JET LAG PERCEPTION QUESTIONNAIRE 
     
 
YOUR VIEWS ABOUT YOUR JET LAG 
Definition of Jet Lag: When the body clock (e.g. sleep/wake; feeding/fasting) is out of sync with the light/dark 
cycle as a result of flying across multiple time zones. As the body may not adjust quickly to this rapid change, 
some symptoms may be experienced (Jet lag Questionnaire). 
 
Listed below are a number of symptoms that you may or may not have experienced as part of 
Jet Lag. Please indicate by ticking Yes or No, whether you have experienced any of these symptoms. 
 
 I have experienced this  
symptom since my jet lag 
Yes No 
1 Difficulty falling asleep 
  
2 Waking up frequently during the night 
  
3 Waking up too early 
  
4 
Not feeling alert 30 minutes after 
waking 
  
5 Poor quality sleep 
  
6 Daytime sleepiness 
  
7 Fatigue 
  
8 Low appetite 
  
9 Irritability 
  
10 Inability to concentrate 
  
11 Frequent urination 
  
12 Moodiness 
  
13 Headaches 
  
14 Upset stomach 
  
15 Confusion 
  
16 Constipation 
  
17 Loose bowel 
  
 
We are interested in your own personal views of how you now see your Jet Lag. 
Please indicate how much you agree or disagree with the following statements about your illness 
by ticking the appropriate box. 
 
 VIEWS ABOUT YOUR JET LAG 
STRONGLY 
DISAGREE 
 
DISAGREE 
 
NEITHER 
AGREE 
NOR 
DISAGREE 
 
AGREE 
STRONGLY 
AGREE 
 
IP1 
My jet lag will last a short time after my return 
flight 
     
IP2  My jet lag is likely to be chronic rather than 
temporary 
     
IP3 My jet lag will last beyond my days off      
IP4 This jet lag will pass quickly      
IP5 I expect to be jet lagged beyond my days off      
IP6 My jet lag will improve in time      
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IP7 The symptoms of my jet lag change a great deal 
from day to day 
     
IP8 My symptoms come and go in cycles      
IP9 My jet lag is very unpredictable      
IP10 
I go through cycles in which my jet lag gets better 
and worse. 
     
IP11 My jet lag is a serious condition      
IP12 My jet lag has major consequences on my life      
IP13 My jet lag does not have much effect on my life      
IP14 My jet lag strongly affects the way others see me      
IP15 My jet lag has serious financial consequences      
IP16 My jet lag causes difficulties for those who are 
close to me 
     
IP17 There is a lot which I can do to control my 
symptoms 
     
IP18 
What I do can determine whether my jet lag gets 
better or worse 
     
IP19  The course of my jet lag depends on me      
IP20 Nothing I do will affect my jet lag      
IP21 I have the power to influence my jet lag      
IP22 
My actions will have no affect on the outcome of 
my jet lag 
     
IP23 There is very little that can be done to improve my 
jet lag 
     
IP24 My actions will be effective in curing my jet lag       
IP25 
The negative effects of my jet lag can be prevented 
(avoided) by my actions 
     
IP26 My actions can control my jet lag      
IP27 There is nothing which can help my jet lag      
IP28 The symptoms of my jet lag are puzzling to me      
IP29 My jet lag is a mystery to me      
IP30 I don‟t understand my jet lag 
 
     
IP31 My jet lag doesn‟t make any sense to me      
IP32 I have a clear picture or understanding of my jet lag      
IP33 I get depressed when I think about my jet lag      
IP34 When I think about my jet lag I get upset      
IP35 My jet lag makes me feel angry      
IP36 My jet lag does not worry me      
IP37 Having this jet lag makes me feel anxious      
IP38 My jet lag makes me feel afraid      
 
CAUSES OF JET LAG 
We are interested in what you consider may be the cause of Jet Lag. As people are very different, there is 
no correct answer for this question. We are most interested in your own views about the factors that may 
cause Jet Lag rather than what others including doctors or family may have suggested to you. Below is a 
list of possible causes for jet lag. Please indicate how much you agree or disagree that they were causes for 
you by ticking the appropriate box. 
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 POSSIBLE  CAUSES  STRONGLY DISAGREE 
 
DISAGREE 
 
NEITHER 
AGREE NOR 
DISAGREE 
 
AGREE STRONGLY 
AGREE 
 
IP1 Stress or worry 
 
     
IP2 Hereditary  
 
     
IP3 Effects of light exposure/avoidance 
 
     
IP4 Diet or eating habits 
 
     
IP5 Chance or bad luck 
 
     
IP6 Unadjusted Body Clock 
 
     
IP7 Aircraft environment (air conditioning) 
 
     
IP8 My own behaviour 
 
     
IP9 My mental attitude e.g. thinking about life 
negatively 
     
IP10 Family problems or worries  
 
     
IP11 Overwork 
 
     
IP12 My emotional state e.g. feeling down, 
lonely, anxious, empty 
 
     
IP13 Ageing 
 
     
IP14 Alcohol 
 
     
IP15 Smoking 
 
     
IP16 Whole Body Vibration (onboard) 
 
     
IP17 My personality 
 
     
IP18 Acoustical noise (onboard) 
 
     
 
In the table below, please list in rank-order the three most important factors that you now believe are the 
causes of  Jet Lag. You may use any of the items from the box above, or you may have additional ideas of 
your own. 
 
The most important causes for me:- 
1. _______________________________________ 
2. _______________________________________ 
3. _______________________________________ 
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JET LAG QUESTIONNAIRE 
We are interested in your assessment of Jet Lag overall and Jet Lag symptoms today. For each question please 
indicate the answer that most closely applies to you (1= not at all; to 5= very much). For some sleep questions 
you are asked to give a time (e.g. bed/get up time, sleep duration). 
 
Please complete the following questions about 30 minutes after getting up 
 
2. LAST NIGHT'S SLEEP. 
 
a. How long in minutes did it take you to fall asleep? Please give time in minutes_____________ 
 
 
b. How easily did you get to sleep? 
               
Not at all      Very easily 
 1 2 3 4 5  
       
 
 
c.  What time did you get to bed?     Please give time_____________ 
 
 
d. How well did you sleep? 
              
Not at all      Very well 
 1 2 3 4 5  
 
     
 
 
 
 
e. How many hours of actual sleep did you get last night? (this may be different  than the number of hours you 
spent 
     in bed)    Hours of sleep_____________________ 
 
 
f. Did you have any waking episodes? 
 
Not at all      Very much 
 1 2 3 4 5  
 
     
 
 
 
g. What was your get up time?    Please give time  ______________       
 
 
h. How alert did you feel 30 min after rising?  
 
Not at all      Very alert 
 1 2 3 4 5  
 
     
 
 
 
 
Please complete the following questions after the last meal of the day 
 
1. JET-LAG: 
How much jet-lag did you have  today? 
 
Not at all      Very much 
 1 2 3 4 5  
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3. FATIGUE: 
In general, how fatigued are you? 
Not at all      Very much 
 1 2 3 4 5  
 
     
 
 
 
4. MEALS. 
 
a. How hungry did you feel before your meals? 
Not at all      Very much 
 1 2 3 4 5  
 
     
 
 
b. How palatable (appetising) were your meals?  
Not at all      Very much 
 1 2 3 4 5  
 
     
 
 
 
c. After your meal, how did you feel?  
Not at all      Very much 
 1 2 3 4 5  
 
     
 
 
 
5. MENTAL PERFORMANCE AND MOOD. 
 
a. How well have you been able to concentrate today? 
Not at all      Very much 
 1 2 3 4 5  
 
     
 
 
 
b. How motivated did you feel today?  
Not at all      Very much 
 1 2 3 4 5  
 
     
 
 
 
c. How irritable did you feel today? 
Not at all      Very much 
 1 2 3 4 5  
 
     
 
 
 
6. BOWEL ACTIVITY TODAY. 
 
a. How frequent were bowel motions?  
 
Not at all      Very much 
 1 2 3 4 5  
 
     
 
 
 
b. Was the consistency normal? 
Not at all      Very much 
 1 2 3 4 5  
 
     
 
 
 
7. SLEEPINESS.  
How sleepy are you right now? 
Not at all      Very much 
 1 2 3 4 5  
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FATIGUE SCALE 
We would like to know more about any problems you have had with feeling tired, weak or lacking in energy in 
the last month. Please answer all questions by indicating the answer which you think most closely applies to 
you. 
  Less 
than 
usual 
No more 
than 
usual 
More 
than 
usual 
Much 
more 
than usual 
1 do you have problems with tiredness?          
2 do you need to rest more?          
3 do you feel sleepy or drowsy?          
4 do you have problems starting things?          
5 do you lack energy?          
6 do you have less  strength in your muscles?         
7  do you feel weak?          
8 do you have difficulties concentrating?          
9 do you make slips of the tongue when 
speaking?      
    
10 do you find it more difficult to find the 
right word?      
    
   Better 
than 
usual 
No 
worse 
than 
usual 
Worse 
than 
usual 
Much 
worse 
than usual 
11 how is your memory?      
 
 
MORNINGNESS-EVENINGNESS QUESTIONNAIRE (see Appendix 3) 
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Appendix 19: Issues with Lack of Normality 
 
Figure 1. Positive skew of jet lag on the day before a flight 
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Appendix 20: Descriptive Statistics Work Preparation Strategies (Individual Items) 
 
Table 1 
Descriptive Statistics for Work Preparation Strategies (N = 95) 
 
 
 
 
 
 
 
 
 
 
 
Process Variable n No Some- Yes M SD Range
% what
Sleep strategies n = 29 15 51 3.37 0.57 1.78 – 4.67
 Before  a flight I... %  = 30.5 15.8 53.7
avoid using sleeping pills n = 5 6 84 4.53 0.98 1-5
% = 5.3 6.3 88.4
nap before an outbound  night-flight (local) n = 5 9 81 4.44 0.94 1-5
% = 5.3 9.5 85.3
avoid using alcohol as a sleeping aid n = 9 12 74 4.26 1.16 1-5
% = 9.5 12.6 77.9
ensure bedroom is quiet n = 17 5 73 3.96 1.29 1-5
% = 17.9 5.3 76.8
Stay on home time during a layover n = 20 26 49 3.46 1.41 1-5
(≤ 48 h.) & time change of ≤+/-3 h. % = 21.1 27.4 51.6
ensure bedroom is cool n = 43 13 39 2.87 1.53 1-5
% = 45.3 13.7 41.1
Stay on home time during a layover n = 50 17 28 2.45 1.25 1-5
(≥ 48 h.) & time change of ≥+/- 4 h. % = 52.6 17.9 29.5
nap before a homeward n = 55 26 14 2.29 1.18 1-5
night-flight (local) % = 57.9 24.4 14.7
ensure your bedroom is dark n = 64 17 14 2.06 1.37 1-5
% = 67.4 17.9 14.7
 Eating strategies n = 42 17 36 2.84 0.67 1.20 - 4
 Before  a flight I... %  = 46.3 17.9 37.8
avoid caffeine within 4 hours before bed n = 20 17 58 3.66 0.67 1-5
% = 21.1 17.9 61.1
have 3 balanced meals a day n = 26 26 43 3.26 1.2 1-5
 % = 27.4 27.4 45.3
avoid eating less than 1 hour before going to bed n = 31 19 45 3.16 1.33 1-5
% = 32.6 20 47.4
eat at regular meal times (home time)? n = 45 17 33 2.79 1.33 1-5
% = 47.5 17.9 34.7
interrupt sleep to eat at regular meal times (home time) n = 88 5 2 1.31 1.32 1-4
% = 92.6 5.3 2.1
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Appendix 21: Descriptive Statistics for Illness Cognitions (Individual Items) 
Table 1 
Descriptive Statistics for the Identity Subscale of the IPQ-R (N = 95)  
Illness Cognition Dimension  NO YES M SD Range 
Identity (0-17) 
Perceived symptoms of jet lag 
n = 17 78 12.1 3.43 4 - 17 
% = 17.9 82.1    
Daytime sleepiness 
 
n = 10 85    
% = 10.5 89.5    
Fatigue 
 
n = 11 84    
% = 11.6 88.4    
Irritability 
 
n = 14 81    
% = 14.7 85.3    
Inability to concentrate 
 
n = 15 80    
% = 15.8 84.2    
Waking up too early 
 
n = 15 80    
% = 15.8 84.2    
Poor quality sleep 
 
n = 16 79    
% = 16.8 83.2    
Waking up frequently during the night n = 17 78    
% = 17.8 82.1    
Moodiness 
 
n = 18 77    
% = 18.9 81.1    
Difficulty falling asleep 
 
n = 19 76    
% = 20 80    
Not feeling alert 30 minutes after waking n = 20 76    
% = 21,1 78.9    
Frequent urination 
 
n = 38 57    
% = 40 60    
Upset stomach 
 
n = 39 56    
% = 41.1 58.9    
Confusion 
 
n = 39 56    
% = 41.1 58.9    
Loose bowel 
 
n = 43 52    
% = 45.3 54.7    
Constipation 
 
n = 49 46    
% = 51.6 48.4    
Headaches 
 
n = 49 46    
% = 51.6 48.4    
Low appetite 
 
n = 54 41    
% = 56.8 43.2    
 
Table 2 
Descriptive Statistics for the Illness Coherence Subscale of the IPQ-R (N = 95) 
Process variable  No Neither Yes M SD Range 
Illness coherencea (1-5) n = 9 14 72 3.84 .74 1 - 4.67 
% = 9.5 14.7 75.8    
The symptoms of my jet lag are puzzling  
to mea 
n = 69 16 10    
% = 72.6 16.8 10.5    
My jet lag is a mystery to mec 
 
n = 78 13 4    
% = 82.1 13.7 4.2    
I don‟t understand my jet laga 
 
n = 74 11 10    
% = 77.9 11.6 10.5    
My jet lag doesn‟t make any sense to mea 
 
n = 75 13 7    
% = 78.9 13.7 7.4    
I have a clear picture or understanding of my 
jet lag 
n = 16 17 62    
% = 16.8 17.9 65.3    
aHigher scores suggest a more optimistic perception. cReverse-scored item in subscale means and frequency scores 
Table 3 
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Descriptive Statistics for the Personal Control Subscale of the IPQ-R (N = 95) 
Process variable % No Neither Yes M SD Range 
Personal control
a
 (1-5) 
 
n = 19 20 56 3.45 .75 1 - 5 
% = 20 21.1 58.9    
There is a lot which I can do to control my 
symptoms 
n = 28 20 47    
% = 29.5 21.1 49.5    
What I do can determine whether my jet lag 
gets better or worse 
n = 10 21 64    
% = 10.5 22.1 67.4    
The course of my jet lag depends on me n = 28 18 49    
% = 29. 18.9 51.6    
Nothing I do will affect my jet lag
c 
n = 61 22 12    
% = 64.2 23.2 12.6    
I have the power to influence my jet lag n = 23 16 56    
% = 24.2 16.8 58.9    
My actions will have no affect on the outcome 
of my jet lag
a 
n = 59 21 15    
% = 62.1 22.1 15.8    
aHigher scores suggest a more optimistic perception. cReverse-scored item in subscale means and frequency scores 
 
Table 4 
Descriptive Statistics for the Treatment Control Subscale of the IPQ-R (N = 95) 
Process variable  No Neither Yes M  Range 
Treatment control
a
 (1-5) 
 
n = 23 22 50 3.31 .80 1 - 5 
% = 24.2 23.2 52.6    
There is very little that can be done to improve 
my jet lag
c 
n = 55 16 24    
% = 57.9 16.8 25.3    
My actions will be effective in curing my jet 
lag 
n = 24 25 46    
% = 25.3 26.3 48.4    
The negative effects of my jet lag can be 
prevented (avoided) by my actions 
n = 33 32 30    
% = 34.7 33.7 31.6    
My actions can control my jet lag 
 
n = 21 25 49    
% = 22.1 26.3 51.6    
There is nothing which can help my  
jet lag
c 
n = 70 14 11    
% = 73.7 14.7 11.6    
aHigher scores suggest a more optimistic perception. cReverse-scored item in subscale means and frequency scores 
 
Table 5 
Descriptive Statistics for the Time Cyclical Subscale of the IPQ-R (N = 95) 
Process variable  No Neither Yes M SD Range 
Timeline cyclical
b
 (1-5) n = 30 14 51 3.23 .92 1 - 4.67 
% = 31.6 14.7 53.7    
The symptoms of my jet lag change a  
great deal from day to day 
n = 28 9 58    
% = 29.5 9.5 61.1    
My symptoms come and go in cycles n = 28 15 52    
% = 29.5 15.8 54.7    
My jet lag is very unpredictable n = 38 18 39    
% = 40 18.9 41.1    
I go through cycles in which my jet lag  
gets better and worse. 
n = 27 13 55    
% = 28.4 13.7 57.9    
bHigher scores suggest a more pessimistic perception. cReverse-scored item in subscale means and frequency scores 
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Table 6 
Descriptive Statistics for the Timeline Subscale of the IPQ-R (N = 95) 
Process variable  No Neither Yes M SD Range 
Timeline (acute/chronic)
b
 (1-5) 
My jet lag... 
n = 44 18 33 2.81 .96 1 - 5 
% = 46.3 18.9 34.7    
will last a short time after my return flight
a 
n = 31 17 47    
% = 32.6 17.9 49.5    
is likely to be chronic rather than temporary  n = 56 11 28    
% = 58.9 11.6 29.5    
will last beyond my days off n = 42 14 39    
% = 44.2 14.7 41.1    
will pass quickly  n = 37 23 35    
% = 38.9 24.2 36.8    
I expect to be jet lagged beyond my days off n = 44 17 34    
% = 46.3 17.9 35.8    
will improve in time
c 
n = 29 27 39    
% = 30.5 28.4 41.1    
bHigher scores suggest a more pessimistic perception. cReverse-scored item in subscale means and frequency scores 
 
Table 7 
Descriptive Statistics for the Consequences Subscale of the IPQ-R (N = 95) 
Process variable  No Neither Yes M SD Range 
Consequences
b
 (1-5) 
My jet lag… 
n = 46 16 30 2.72 .95 1 - 5 
% = 48.4 16.8 31.6    
is a serious condition n = 51 22 22    
% = 53.7 23.2 23.2    
has major consequences on my life n = 49 12 34    
% = 51.6 12.6 35.8    
does not have much effect on my life
a 
n = 49 16 30    
% = 51.6 16.8 31.6    
strongly affects the way others see me n = 37 27 31    
% = 38.9 28.4 32.6    
has serious financial consequences n = 72 20 3    
% = 75.8 21.1 3.2    
causes difficulties for those who are  
close to me 
n = 34 19 42    
% = 35.8 20 44.2    
bHigher scores suggest a more pessimistic perception. cReverse-scored item in subscale means and frequency scores 
 
Table 8 
Descriptive Statistics for the Emotional Representations Subscale of the IPQ-R (N = 95) 
Process variable  No Neither Yes M SD Range 
Emotional representations
b
 (1-5) 
 
n = 58 17 20 2.39 .94 1- 4.67 
% = 61.1 17.9 21.1    
I get depressed when I think aboutmy jet lag n = 63 17 15    
% = 66.3 17.9 15.8    
When I think about my jet lag I get upset 
 
n = 66 14 15    
% = 69.5 14.7 15.8    
My jet lag makes me feel angry 
 
n = 59 19 17    
% = 62.1 20 17.9    
My jet lag does not worry me
c 
 
n = 39 18 38    
% = 41.1 18.9 40    
Having this jet lag makes me feel anxious 
 
n = 52 19 24    
% = 54.7 20 25.3    
My jet lag makes me feel afraid 
 
n = 67 17 11    
% = 70.5 17.9 11.6    
bHigher scores suggest a more pessimistic perception. cReverse-scored item in subscale means and frequency scores 
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Table 9 
Descriptive Statistics for Environmental Causes Subscale of the IPQ-R (N = 95) 
IPQ-R Causal Factors  No Neither Yes M SD Range 
Environmental causes n = 15 26 54 3.51 .60 2 - 5 
% = 15.8 27.4 56.8    
Overwork 
 
n = 5 9 81    
% = 5.3 9.5 85.3    
Aircraft environment (air conditioning) 
 
n = 11 15 69    
% = 11.6 15.8 72.6    
Acoustical noise (onboard) 
 
n = 26 33 36    
% = 27.4 34.7 37.9    
Whole Body Vibration (onboard) 
 
n = 19 46 30    
% = 20 48.4 31.6    
 
 Table 10 
Descriptive Statistics for Biological Causes of the IPQ-R (N = 95) 
IPQ-R Causal Factors  No Neither Yes M SD Range 
Biological causes n = 24 13 58 3.42 .46 2.25 - 4.50 
% = 26.4 13.7 61.1    
Unadjusted Body Clock 
 
n = 2 4 89    
% = 2.1 4.2 93.7    
Effects of light exposure/avoidance 
 
n = 12 11 72    
% = 12.6 11.6 75.8    
Ageing 
 
n = 15 16 64    
% = 15.8 16.8 67.4    
Hereditary 
 
n = 66 23 6    
% = 69.5 24.2 6.3    
 
Table 11 
Descriptive Statistics for Psycho-behavioural Causes of the IPQ-R (N = 95) 
IPQ-R Causal Factors  No Neither Yes M SD Range 
Psycho-behavioural causes n = 24 18 53 3.29 .75 1.11- 4.56 
% = 26.4 18.9 55.8    
Diet or eating habits 
 
n = 12 18 65    
% = 12.6 18.9 68.4    
My emotional state e.g. feeling down, 
lonely, anxious, empty 
n = 20 11 64    
% = 21.1 11.6 67.4    
Alcohol 
 
n = 15 22 58    
% = 15.8 23.2 61.1    
My own behaviour n = 18 20 57    
% = 18.9 21.1 60    
My mental attitude e.g. thinking about 
life negatively 
n = 33 8 54    
% = 34.7 8.4 56.8    
My personality 
 
n = 29 18 48    
% = 30.5 18.9 50.5    
Stress or worry 
 
n = 39 11 45    
% = 41.1 11.6 47.5    
Smoking 
 
n = 24 38 33    
% = 25.3 40 34.7    
 
Table 12 
Rank-order of Personal Causal Statements for Jet Lag - the IPQ-R (N = 95) 
Personal Causes  First Second Third 
First  Psycho-behavioural Environmental Biological 
 n = 42 32 21 
 % = 44.2 33.7 22.1 
Second  Psycho-behavioural Environmental Biological 
 n = 47 38 10 
 % = 49.5 40 10.5 
Third  Psycho-behavioural Environmental Biological 
 n = 61 26 8 
 % = 64.2 8.4 27.4 
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Appendix 22: Causal Statements in Order of Importance   
Coding: 
1=Psycho-behavioural 
2=Biological 
3=Environmental 
 
Table 1 
Personal Causes of Jet Lag: Most Important Factors 
1 LACK OF SLEEP / WORKING THROUGH THE NIGHT & TIME ZONES 1 
2 Being awake for more than 25 hrs 1 
3 age 2 
4 Dehydration 3 
5 fatigue 1 
6 Lack of sleep 1 
7 Inability to sleep for 9 hrs during the day to catch up on the previous night's sleep 1 
8 Personality 1 
9 Time change 3 
10 Overwork 3 
11 Age 2 
12 Busy days off prior to trip 1 
13 Unadjusted body clock 2 
14 My actions 1 
15 Not sleeping when I should and being out of sink with everyone else. 1 
16 Unadjusted body clock 2 
17 time difference/weather 3 
18 time zone changes 3 
19 Lack of sleep 1 
20 BEING UP ALL NIGHT 1 
21 Unadjusted body clock 2 
22 Sleep pattern changes ie. working through the night. 1 
23 Unadjusted body clock 2 
24 Tiredness 1 
25 Stress worry 1 
26 Time zones or flight going wrong causing unexpected overtime 3 
27 time zone changes 3 
28 east to west transitions without adequate acclimatisation 3 
29 Time change 3 
30 Time difference 3 
31 Family 1 
32 Time you land / time you fly.  More than time difference 3 
33 Time change 3 
34 Lack of sleep ( aircraft with no bunks ) 1 
35 Mental attitude - ve 1 
36 Body clock 2 
37 UNADJUSTED BODY CLOCK 2 
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38 own attitude 1 
39 Unadjusted body clock 2 
40 Age 2 
41 Body clock 2 
42 Time change 3 
43 Working or being awake for 24 hours 1 
44 Stress/emotional state 1 
45 Problems 1 
46 Time change 3 
47 Family worries 1 
48 Workload 3 
49 out of sync sleep 1 
50 Overwork 3 
51 Upset of the circadian rhythm 2 
52 Light or dark adjustment 2 
53 BODY NOT USED TO TIME DIFFERENCE 2 
54 Missing sleep 1 
55 Overwork 3 
56 SLEEP DEPRIVATION 1 
57 Time change 3 
58 Disrupted sleep pattern from working night shifts/flights 1 
59 Day & night rhythm 2 
60 Disrupted sleep pattern 1 
61 Sleep problems 1 
62 unadjusted body clock 2 
63 Going in different directions for numerous trips (east-zest-eest-west) 3 
64 Eating at the wrong time 1 
65 Not enough rest between trips 3 
66 Stress 1 
67 Time difference 3 
68 Sleep deprivation 1 
69 Inability to sleep 1 
70 SLEEP DEPRIVATION 1 
71 Time change 3 
72 Emotional state 1 
73 Flying east 3 
74 Stress 1 
75 Diet 1 
76 Time change 3 
77 Not enough days off 3 
78 Getting older going through the change 2 
79 Adjusting body clock 2 
80 moving in between time zones which disrupt the circadian rhythm 2 
81 unadjusted body clock 2 
82 Lack of sleep 1 
83 Time changes 3 
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84 Adjusted body clock 2 
85 light exposure 3 
86 over tiredness 1 
87 attitude about it 1 
88 sleeping routines discipline 1 
89 extreme time changes 3 
90 Aircraft Environment 3 
91 Time change 3 
92 Working to much before a flight 1 
93 Lack of sleep 1 
94 Time difference 3 
95 Tone time differences and constant change of time zone in short time 3 
 
Table 2 
Second Most Important Causes of Jet Lag 
1 FATIGUE 1 
2 Going to bed too late after a long flight 1 
3 menopause 2 
4 Lack of general rest 1 
5 disrupted body clock 2 
6 Stress or worries at home 1 
7 noises that occur naturally during the day 3 
8 Emotional state 1 
9 Stress 1 
10 My emotional state 1 
11 Light 3 
12 Flying eastbound then westbound after each other 3 
13 Lack of sleep 1 
14 My nutrition 1 
15 Doing to much because I feel I should , especially when at home 1 
16 Effects of Light exposure or lack of 2 
17 number of hours awake (working, or going/comming to work) 1 
18 not enough time off (days off down route or at home) 3 
19 Time change 3 
20 UNHEALTHY DIET AT WRONG TIMES 1 
21 Remaining in night/day for an extended period of time due to flight timings 3 
22 Dealing with a problem whilst deprived of sleep. 1 
23 Stress/worry about getting enough sleep 1 
24 Stress 1 
25 Light exposure 3 
26 Any issues in my home life 1 
27 interrupted sleep patterns 1 
28 Single days off 3 
29 Lack of sleep 1 
30 Lack of sleep 1 
31 Partner 1 
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32 Noise , people living with us interrupting sleep 3 
33 Inability to be "allowed" to sleep when tired due to work 3 
34 Aircraft environment 3 
35 Attitude to sleep or lack of 1 
36 Work load 3 
37 SHIFT WORK - MISSING A NIGHT'S SLEEP 3 
38 negative thinking 1 
39 Lack of sleep 1 
40 Overwork 3 
41 Stress 1 
42 Exposure to light/darkness 3 
43 Environmental factors such as outside noise when you get home& want to sleep 3 
44 Personal attitude 1 
45 Noise 3 
46 Lack of sleep 1 
47 Time changes 3 
48 Short, intense long haul trips 3 
49 sleep deprivation due to worry 1 
50 Acoustical noise 3 
51 Unadjusted body clock 2 
52 Nights out of bed 3 
53 WORRY ABOUT REPORT TIME 1 
54 Overworked 3 
55 Unadjusted Body Clock 2 
56 STRESS 1 
57 Environment, Aircraft noise and conditions 3 
58 Exposure to light/darkness at unnatural times 3 
59 Eating pattern 1 
60 Having to adjust back to u.k time very quickly once I am home. 1 
61 Time difference 3 
62 overwork 3 
63 Lack of sufficient rest at base 3 
64 Lack of fresh air 3 
65 My immense workload 3 
66 Over worked.  e.g. being sent East to West to East frequently. 3 
67 sleep deprivation 1 
68 unadjusted body clock 2 
69 Constant change of time zones 3 
70 REDUCED REST/QUICKER TURN AROUND TIME-LONGER DUTIES 3 
71 Sleep deprivation 1 
72 Eating habits 1 
73 First break 3 
74 Ageing 2 
75 Body clock 2 
76 Lack of sleep 1 
77 Over worked 3 
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78 Not being able to sleep before a night flight 1 
79 Loneliness 1 
80 Flights which require you to work  22:00 - 06:00 GMT and  daytime sleep to make up for this 3 
81 drinking, eating, life style habits 1 
82 Worries 1 
83 Length of flight 3 
84 Dietary awareness 1 
85 disturbed sleep 1 
86 active imagination 1 
87 stressing over it 1 
88 eating discipline 1 
89 night flights 3 
90 Unadjusted Body clock 2 
91 Caffeine 1 
92 Negative thoughts 1 
93 unadjusted body clock 2 
94 Sleep 1 
95 Working at high altitude and long hours, tiredness 3 
 
Table 3 
Third Most Important Causes of Jet Lag 
1 UNADJUSTED BODY CLOCK 1 
2 Different environment (ie Hotel) 3 
3 sleep disruption 1 
4 No exercise 1 
5 dehydration/poor diet 1 
6 Eating at different body clock times 1 
7 too much planned to happen in days off (leisure or work) which causes stress 1 
8 Alcohol 1 
9 Poor diet 1 
10 Diet and eating habits 1 
11 Body clock 2 
12 Lack of good night‟s sleep over days. 1 
13 Sleeping in different  beds/environments at forced times 3 
14 My metal state 1 
15 Not eating properly 1 
16 Disruption to sleep routines 1 
17 working during the night.... 3 
18 inability to sleep onboard 1 
19 Direction of travel 3 
20 LACK OF NUTRITION 1 
21 Giving in to the urge to sleep during the daytime 1 
22 Not being able to veg around on day I get back & relax 1 
23 Staying aware of UK time when down route 1 
24 Work overload 3 
25 Over work 3 
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26 Two days off after some flights not enough time to get things done at home 3 
27 irregular eating patterns 1 
28 Inefficient rostering earlies into lates, lates into earlies, mixture of duty times 3 
29 Lack of meal 1 
30 Physical demands made of the body during the above situations 2 
31 Thoughts (thinking overtime) 1 
32 How long abroad 3 
33 Long working day into different time zones 3 
34 Short layover 3 
35 Adjusting to local time 2 
36 a/c environment 3 
37 IRREGULAR SLEEP PATTERN 1 
38 focusing on jetlag instead of ignoring it! 1 
39 Overwork 3 
40 Accumulative travel 3 
41 Diet 1 
42 Body clock 2 
43 Having a lot to do when you get home so unable to fully relax 1 
44 Diet 1 
45 Habits 1 
46 stress and worry 1 
47 Bad nutrition 1 
48 Unadjusted body clock 2 
49 stress 1 
50 Ageing 2 
51 Eating habits 1 
52 Mental attitude 1 
53 DIET 1 
54 Bad diet 1 
55 Worry 1 
56 DIET 1 
57 Lots of night flights 3 
58 Planning of rest/response to tiredness on return 1 
59 Tiredness 1 
60 Effects of light exposure 2 
61 Eating at different times 1 
62 missing a night's sleep 1 
63 Insufficient sleep on days off/being too busy 1 
64 Lack of exercise 1 
65 Been doing job so long it is embedded 1 
66 Light/Noise when trying to sleep. 3 
67 Not enough time to recover 1 
68 not eating at regular times 1 
69 Lack of rest 3 
70 PERSONAL STRESS LEVELS 1 
71 Aircraft environment 3 
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72 Sleep problems 1 
73 Time difference of 3 hours or more 3 
74 Worry 1 
75 Alcohol 1 
76 Staying awake at the wrong times 1 
77 Bad diet 1 
78 Constantly up through the night... 1 
79 Regular meal times for different time zones 1 
80 
Not enough exposure to daylight eg trips such as „‟‟‟‟‟‟‟ are timed so that you don‟t see 
much daylight 3 
81 family problems, worries 1 
82 Unable to' relax properly during days off 1 
83 Direction of trips ie east to west 3 
84 My personality 1 
85 dehydration 3 
86 personality 1 
87 not taking any actions to lessen it 1 
88 mental discipline 1 
89 not enough days of rest 1 
90 Overwork 3 
91 Light 3 
92 Unadjusted Body 2 
93 working overnight 3 
94 Eating pattern 1 
95 Lack of fresh air, daylight and physical exercise 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
Appendix 23: Correlations Matrices (Chapter 5) 
Table 1 
Spearman’s Correlation Matrix Between Demographic, Trip Factors and Jet Lag (Unidimensional and Multidimensional, N=92) 
 
Variable M SD Range 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
1 
Morningness-
Eveningness 
52.36 11.27 
 
1 
               
2 Age  41.45 9.21 
(20-
60) 
.08 1 
              
3 Gender (Female-Male) 0.24 0.43 (0-1) .08 -.06 1 
             
4 
Nationality (UK-
Other) 
0.24 0.43 (0-1) .10 -.04 .10 1 
            
5 
Marital status (Alone-
Partner) 
0.62 0.49 (0-1) .03 .21
*
 .12 .02 1 
           
6 Children (No-Yes) 0.36 0.48 (0-1) .18 .43
**
 -.21
*
 -.15 .26
*
 1 
          
7 Role (Crew-Manager) 0.39 0.49 (0-1) .00 .22
*
 .33
**
 -.14 .03 .19 1 
         
8 Contract (Part time-
Full time) 
0.83 0.98 (0-1) .00 -.50
**
 .30
**
 .00 -.32
**
 -.41
**
 -.06 1 
        
9 Service length (Years) 14.77 8.65 
(0.6-
40) 
-.01 .74
**
 .04 -.11 .27
**
 .38
**
 .33
**
 -.47
**
 1 
       
10 Direction preference
a
 1.88 1.19 (1-5) .03 -.26
*
 .02 .18 -.16 -.23
*
 -.13 .02 -.26
*
 1 
      
11 Commuter (No-Yes) 0.27 0.45 (0-1) -.07 .17 -.17 .17 .18 .00 -.29
**
 -.17 .13 .02 1 
     
12 Smoke (No-Yes) 0.14 0.35 (0-1) .16 -.34
**
 .07 .14 .00 -.17 -.13 .19 -.31
**
 .19 -.04 1 
    
13 Days off before
b
 1.9 1.04 (0-5) -.17 .26
*
 -.18 .01 .08 .16 -.21
*
 -.21
*
 .27
**
 -.28
**
 .13 -.11 1 
   
14 
Season (Winter-
Summer) 
0.14 0.35 (0-1) .17 .17 -.15 .07 .06 .02 -.01 -.06 .08 -.13 -.04 -.16 -.03 1 
  
15 Jet lag unidimensional  1.75 1.12 (1-5) -.24
*
 .07 .02 .13 -.14 -.15 -.03 .11 .09 .05 .08 -.14 -.12 -.02 1 
 
16 
Jet lag 
multidimensional  
2.39 0.71 (1-5) -.27
**
 -.01 .09 .06 -.07 -.04 .09 .01 .05 -.07 .03 -.11 -.07 -.02 .66
**
 1 
a
Morningness-Eveningness and Jet lag multidimensional: r = -.31** 
b 
1. South Africa; 2. Middle East; 3. East Coast USA; 4. West Coast USA;   5.Far East. 
c0; 1-2; 3-4; 5-11; 12-30; 31-54. 
**Significant at the .01 (2-tailed).*Significant at the .05 (2-tailed). 
 
4
1
7
 
  
 
 
Table 2 
Correlation Matrix Between Demographic, Trip Factors and Fatigue (CFQ, ‘Likert Scoring’, N = 79) 
 
Variable M SD Range 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1 Morningness-Eveningness 
   
1 
              
2 Age  40.73 9.23 (20-60) .07 1 
             
3 Gender  0.27 0.44 (0-1) .05 -.07 1 
            
4 Nationality (UK-Other) 0.27 0.43 (0-1) -.02 -.10 .08 1 
           
5 Marital status (Alone-Partner) 0.57 0.49 (0-1) .00 .16 .18 .05 1 
          
6 Children (No-Yes) 0.34 0.48 (0-1) .23
*
 .40
**
 -.25
*
 -.14 .25
*
 1 
         
7 Role (Crew-Manager) 0.41 0.49 (0-1) .09 .28
*
 .32
**
 -.14 .09 .11 1 
        
8 Contract (Part time-Full time) 0.84 0.98 (0-1) .02 -.43
**
 .29
*
 .04 -.28
*
 -.41
**
 -.07 1 
       
9 Service length (Years) 14.35 9.06 (0.6-40) .01 .78
**
 .03 -.11 .27
*
 .30
**
 .31
**
 -.46
**
 1 
      
10 Direction Preference
a
 2.00 1.26 (1-5) .02 -.23
*
 -.05 .16 -.13 -.24
*
 -.13 .00 -.30
**
 1 
     
11 Commuter (No-Yes) 0.28 0.45 (0-1) -.04 .19 -.18 .27
*
 .20 .03 -.28
*
 -.18 .17 .06 1 
    
12 Smoke (No-Yes) 0.15 0.36 (0-1) .21 -.33
**
 .06 .19 .01 -.16 -.13 .18 -.28
*
 .22 -.03 1 
   
13 Days off before
b
 1.85 1.06 (0-5) -.20 .21 -.17 .07 .00 .19 -.21 -.16 .27
*
 -.27
*
 .17 -.14 1 
  
14 Season (Winter-Summer) 0.01 0.11 (0-1) .17 .12 -.07 -.06 -.13 .16 .14 -.11 .13 .03 -.07 -.05 -.11 1 
 
15 Fatigue (CFQ) 16.03 5.12 (0-3) -.20 -.08 .18 -.03 .12 -.12 .08 .07 -.05 .02 .10 -.08 -.16 .11 1 
a
Morningness-Eveningness and CFQ: rs= -.20, p .08  
b 
1. South Africa; 2. Middle East; 3. East Coast USA; 4. West Coast USA; 5.Far East. 
c 
0;  1-2;  3-4; 5-11;  12-30; 31-54. 
*p <.05 (2-tailed). ** p < .01 (2-tailed). 
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Table 3 
Pearson’s Correlations Between Time Change (Previous Trip), Jet lag and Fatigue (N = 58) After Deletion of Cases with More Than 6 Days Off  
  Trip variable M SD 1 2 3 4 5 
1 Time change (previous trip) -1.28 4.95 1         
2 Time change abs (previous trip) 4.41 2.53 -.36
**
 1       
3 Jet lag unidimensional 1.97 1.24 .11 -.06 1     
4 Jet lag multidimensional 2.52 .76 .08 -.02 .73
**
 1   
5 Fatigue (CFQ, Likert) 16.60 5.26 -.06 -.09 .30
*
 .45
**
 1 
*p <.05 (2-tailed). ** p < .01 (2-tailed). 
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Table 4 
Spearman’s Correlation Matrix Between Process Variables and Jet Lag Unidimensional (N = 92) 
 
 
aStatistical results without outlier for Denial and Active coping: n = 91, rs = -.20, p. 06, Planning: rs = - .27*,  Acceptance: rs = -.26*, SSQN: rs= -.26 ,  Time cyclical: r s= .24*, Illness coherence  
n = 90: rs = -.17, p .11, Behavioural disengagement: n = 90, rs = .24*.  
bStatistical results without outlier for Substance use and Religious coping: n = 91, rs = .26*, Self-blame: rs =.39**, Illness coherence n = 90: rs = -.21*. 
  
Varibles 
  
1 
  
2 
  
3 
  
4 
  
5 
  
6 
  
7 
  
8 
  
9 
  
10 
  
11 
  
12 
  
13 
  
14 
  
15 
  
16 
  
17 
  
18 
  
19 
  
20 
  
21 
  
22 
  
23 
  
24 
  
25 
  
26 
  
27 
  
28 
  
29 
  
30 
  
1 
  
Sleep  s trategies 
  
1 
  
                                                          2 
  
Eating  s trategies 
  
.03 
  
1 
  
                                                        3 
  
Self distraction 
  
.16 
  
- .07 
  
1 
  
                                                      4 
  
Active coping 
  
- .01 
  
.17 
  
.02 
  
1 
  
                                                    5 
  
Denial a 
  
.06 
  
- .01 
  
.08 
  
- .21 * 
  
1 
  
                                                  6 
  
Substance use b 
  
.05 
  
- .04 
  
.15 
  
.07 
  
.13 
  
1 
  
                                                7 
  
Emotional support 
  
.04 
  
.19 
  
.05 
  
.17 
  
.02 
  
.02 
  
1 
  
                                              8 
  
Instrumental support 
  
.05 
  
.22 * 
  
.10 
  
.17 
  
.04 
  
- .02 
  
.80 ** 
  
1 
  
                                            9 
  
Behav.  D isengagement c 
  
.10 
  
- .16 
  
.09 
  
- .41 ** 
  
.30 ** 
  
.20 
  
.17 
  
.22 * 
  
1 
  
                                          10 
  
Venting 
  
.24 * 
  
.01 
  
.19 
  
- .03 
  
.13 
  
.13 
  
.27 * 
  
.31 ** 
  
.32 ** 
  
1 
  
                                        11 
  
Positive reframing 
  
- .02 
  
.13 
  
.03 
  
.30 ** 
  
- .18 
  
- .01 
  
.05 
  
.11 
  
- .28 ** 
  
- .10 
  
1 
  
                                      12 
  
Planning 
  
- .01 
  
.01 
  
- .02 
  
.43 ** 
  
- .27 ** 
  
- .08 
  
.04 
  
.03 
  
- .32 ** 
  
- .06 
  
.20 
  
1 
  
                                    13 
  
Humour 
  
.09 
  
- .12 
  
.25 * 
  
.07 
  
.01 
  
.20 
  
- .12 
  
.02 
  
- .09 
  
.19 
  
.20 
  
.19 
  
1 
  
                                  14 
  
Acceptance 
  
.13 
  
.19 
  
.06 
  
.47 ** 
  
- .26 * 
  
- .13 
  
.02 
  
.04 
  
- .35 ** 
  
.08 
  
.39 ** 
  
.38 ** 
  
.32 ** 
  
1 
  
                                15 
  
Religious Coping 
  
.05 
  
.01 
  
.02 
  
.19 
  
.23 * 
  
.29 ** 
  
.12 
  
.06 
  
.13 
  
.07 
  
.20 
  
- .06 
  
.02 
  
.01 
  
1 
  
                              16 
  
Self - blame 
  
.06 
  
- .21 * 
  
.09 
  
- .04 
  
.22 * 
  
.38 ** 
  
.05 
  
.01 
  
.39 ** 
  
.26 * 
  
- .10 
  
- .02 
  
.07 
  
- .11 
  
.12 
  
1 
  
                            17 
  
SSQS d 
  
.00 
  
.17 
  
- .06 
  
.24 * 
  
- .08 
  
.07 
  
.09 
  
.08 
  
- .26 * 
  
- .18 
  
.24 * 
  
.16 
  
.07 
  
.14 
  
.08 
  
- .17 
  
1 
  
                          18 
  
SSQN 
  
- .05 
  
- .03 
  
.09 
  
.21 * 
  
- .27 ** 
  
.19 
  
.17 
  
.05 
  
- .10 
  
- .09 
  
.07 
  
.25 * 
  
- .05 
  
- .07 
  
.10 
  
- .02 
  
.30 ** 
  
1 
  
                        19 
  
Identity 
  
.06 
  
- .15 
  
.18 
  
- .14 
  
.03 
  
.15 
  
.13 
  
.08 
  
.10 
  
.07 
  
- .20 
  
- .23 * 
  
- .07 
  
- .19 
  
.11 
  
.05 
  
.05 
  
.13 
  
1 
  
                      20 
  
Timeline 
  
.10 
  
- .20 
  
.17 
  
- .19 
  
- .01 
  
.10 
  
- .01 
  
- .03 
  
.17 
  
.05 
  
- .17 
  
- .09 
  
.03 
  
- .29 ** 
  
.07 
  
.19 
  
- .03 
  
.05 
  
.53 ** 
  
1 
  
                    21 
  
Time cyclical 
  
.00 
  
- .07 
  
.03 
  
- .09 
  
.22 * 
  
- .04 
  
.10 
  
- .10 
  
.09 
  
- .07 
  
- .17 
  
.02 
  
- .05 
  
- .23 * 
  
.05 
  
.14 
  
.04 
  
.17 
  
.19 
  
.25 * 
  
1 
  
                  22 
  
Consequences 
  
.10 
  
- .03 
  
.30 ** 
  
- .09 
  
.05 
  
.13 
  
- .02 
  
- .07 
  
.12 
  
.07 
  
- .25 * 
  
- .06 
  
.02 
  
- .21 * 
  
.07 
  
.13 
  
- .11 
  
.05 
  
.51 ** 
  
.74 ** 
  
.33 ** 
  
1 
  
                23 
  
Personal control 
  
.01 
  
.03 
  
- .05 
  
.10 
  
- .06 
  
.02 
  
- .05 
  
- .11 
  
- .18 
  
- .07 
  
.03 
  
.00 
  
- .11 
  
.16 
  
- .01 
  
- .20 
  
.04 
  
.09 
  
- .13 
  
- .45 ** 
  
- .04 
  
- .38 ** 
  
1 
  
              24 
  
Treatment control 
  
- .02 
  
.05 
  
- .13 
  
.10 
  
- .07 
  
- .09 
  
.02 
  
- .06 
  
- .16 
  
- .11 
  
.02 
  
.06 
  
- .11 
  
.16 
  
- .11 
  
- .13 
  
.00 
  
.01 
  
- .26 * 
  
- .50 ** 
  
- .06 
  
- .45 ** 
  
.81 ** 
  
1 
  
            25 
  
Illness coherence e 
  
- .15 
  
.08 
  
.00 
  
.10 
  
- .17 
  
- .23 * 
  
.11 
  
.10 
  
- .38 ** 
  
.00 
  
.24 * 
  
.11 
  
.09 
  
.28 ** 
  
- .06 
  
- .23 * 
  
.12 
  
- .02 
  
- .14 
  
- .30 ** 
  
- .32 ** 
  
- .40 ** 
  
.23 * 
  
.22 * 
  
1 
  
          26 
  
Emotional representations 
  
.18 
  
- .16 
  
.26 * 
  
- .22 * 
  
.09 
  
.08 
  
- .02 
  
- .01 
  
.26 * 
  
.10 
  
- .28 ** 
  
- .12 
  
.02 
  
- .35 ** 
  
.10 
  
.29 ** 
  
- .13 
  
- .01 
  
.37 ** 
  
.61 ** 
  
.31 ** 
  
.78 ** 
  
- .31 ** 
  
- .35 ** 
  
- .48 ** 
  
1 
  
        27 
  
Psycho - behav. causes 
  
.12 
  
.07 
  
.05 
  
.10 
  
.09 
  
- .02 
  
.08 
  
.00 
  
.03 
  
- .11 
  
- .06 
  
.08 
  
- .05 
  
.15 
  
.06 
  
.03 
  
- .06 
  
.05 
  
.01 
  
- .03 
  
.05 
  
.11 
  
.35 ** 
  
.37 ** 
  
- .11 
  
.12 
  
1 
  
      28 
  
Biological causes 
  
.20 
  
- .06 
  
.14 
  
.14 
  
- .07 
  
.13 
  
.13 
  
.04 
  
.00 
  
- .05 
  
- .07 
  
.08 
  
.20 
  
.11 
  
.08 
  
.16 
  
.03 
  
.15 
  
.26 * 
  
.15 
  
.07 
  
.19 
  
- .06 
  
- .07 
  
- .11 
  
.13 
  
.40 ** 
  
1 
  
    29 
  
Environmental causes 
  
.12 
  
- .07 
  
.16 
  
- .07 
  
.14 
  
.00 
  
- .02 
  
.01 
  
.07 
  
- .01 
  
.04 
  
- .11 
  
.09 
  
- .08 
  
.18 
  
- .07 
  
- .07 
  
- .06 
  
.28 ** 
  
.27 * 
  
.08 
  
.31 ** 
  
- .10 
  
- .16 
  
- .06 
  
.23 * 
  
.43 ** 
  
.37 ** 
  
1 
  
  30 
  
Jet l a g  u nidimensional 
  
.09 
  
- .14 
  
.14 
  
- .17 
  
.03 
  
- .01 
  
- .11 
  
- .20 
  
.13 
  
.05 
  
- .11 
  
- .13 
  
.25 * 
  
- .01 
  
.12 
  
.04 
  
- .23 * 
  
- .08 
  
.27 ** 
  
.50 ** 
  
.14 
  
.51 ** 
  
- .27 ** 
  
- .26 * 
  
- .28 ** 
  
.39 ** 
  
.13 
  
.15 
  
.34 ** 
  
1 
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cStatistical results without outlier for Behavioural disengagement and Active coping: rs = -.39**, Instrumental support: rs = .25*, Venting: rs = .29**, Pos. reframing: rs = -.27**, Panning:  
rs = -.30**, Acceptance: rs = -.33**, Self blame: rs = .37**, Emotional   representations: rs = .24*,  Illness representations n = 90:  rs = -.39**. 
dStatistical results without outlier for SSQS and Active coping n = 91: rs = .23 *, Positive reframing: rs =.22*, SSQN: rs = .28**, Illness coherence n = 90: rs = .08, p .45, disengagement n = 90:  
rs = -.27*.    
eStatistical results without outlier for Illness coherence and Pos. reframing: r =.21*, Acceptance: r = .23*, Self-blame: r = -.21*, Timeline: r = -.30*, Time cyclical: r = -.40**, Consequences:  
r = -.39**, Personal control: rs = .22*, Treatment control: r =.18, p .08, Emotional representations: r =.-44 **.     
*p <.05 (2-tailed). ** p < .01 (2-tailed). 
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Table 5 
Pearson’s Correlation Matrix Between Process Variables and Jet Lag Multidimensional (N = 92) 
 
 
*p <.05 (2-tailed). ** p <. .01 level (2-tailed). 
 
  
Variables 
  
1 
  2   3   4   5   6   7   8   9   10   11   12   13   14   15   16   17   18   19   20   21   22   23   24   25   26   27   28   29   30   
1 
  Sleep  s trategies   1   
                                                          2 
  Eating  s trategies   .03   1   
                                                        3 
  Self d istraction   .10   - .05   1   
                                                      4 
  Active   coping   - .03   .19   - .01   1   
                                                    5 
  Denia l   .16   - .02   .07   - .23 
* 
  1   
                                                  6 
  Substance use   .08   - .01   .19   .10   .16   1   
                                                7 
  Emotio nal support   .02   .19   .07   .18   - .01   - .01   1   
                                              8 
  Instrumental support   - .01   .22 
* 
  .10   .19   .01   .00   .82 
** 
  1   
                                            9 
  Behavioural disengagement   .12   - .10   .14   - .42 
** 
  .37 
** 
  .18   .19   .2 2 
* 
  1   
                                          10 
  Venting   .24 
* 
  .00   .22 
* 
  - .06   .21 
* 
  .21 
* 
  .26 
* 
  .27 
* 
  .38 
** 
  1   
                                        11 
  Posit ive reframing   - .07   .13   .03   .31 
** 
  ' - .21 
* 
  - .01   .03   .09   - .30 
** 
  - .12   1   
                                      12 
  Planning   - .05   .03   - .05   .43 
** 
  - .25 
* 
  - .04   .04   .03   - .34 
** 
  - .10   .20   1   
                                    13 
  Humour   .07   - .12   .26 
* 
  .07   .12   .24 
* 
  - .11   - .01   - .03   .20   .22 
* 
  .19   1   
                                  14 
  Acceptance   .08   .18   .06   .46 
** 
  - .24 
* 
  - .08   .02   .04   - .33 
** 
  .08   .40 
** 
  .40 
** 
  .33 
** 
  1   
                                15 
  Relig ious Coping   .03   .01   .08   .20   .18   .36 
** 
  .11   .10   .03   .08   .13   - .01   .11   .01   1   
                              16 
  Self - blame   .07   - .20   .08   - .03   .26 
* 
  .33 
** 
  .05   .00   .37 
** 
  .28 
** 
  - .10   - .04   .09   - .11   .10   1   
                            17 
  SSQS   .09   .09   .02   .25 
* 
  - .06   .08   .12   .15   - .08   - .07   .27 
** 
  .19   .03   .18   .15   .00   1   
                          18 
  SSQN   - .02   .03   .09   .2 2 
* 
  - .24 
* 
  .16   .18   .06   - .15   - .08   .06   .21 
* 
  - .07   .00   .10   - .06   .32 
** 
  1   
                        19 
  Ident ity   .10   - .14   .17   - .11   - .04   .10   .12   .06   .06   .06   - .19   - .22 
* 
  - .10   - .17   .11   .06   - .04   .09   1   
                      20 
  Timeline   .09   - .20   .17   - .23 
* 
  - .06   .08   - .02   - .04   .14   .11   - .18   - .07   .00   - .28 
** 
  .08   .18   - .10   .03   .53 
** 
  1   
                    21 
  Time  cyclical   - .02   - .08   .08   - .07   .18   - .07   .06   - .12   .05   - .05   - .14   .04   - .05   - .23 
* 
  .04   .17   .01   .17   .20   .24 
* 
  1   
                  22 
  Consequences   .09   - .04   .28 
** 
  - .10   .04   .12   - .06   - .10   .12   .10   - .27 
** 
  - .07   .00   - .22 
* 
  .10   .13   - .16   .10   .53 
** 
  .75 
** 
  .35 
** 
  1   
                23 
  Perso nal control   .02   .04   - .03   .08   .02   - .02   .03   - .04   - .12   - .10   .06   .02   - .11   .15   .01   - .17   .11   .11   - .13   - .49 
** 
  .02   - .37 
** 
  1   
              24 
  Treatment control   .01   .08   - .04   .06   - .01   - .11   .07   - .02   - .04   - .15   .05   .04   - .06   .16   - .10   - .10   .04   .04   - .22 
* 
  - .53 
** 
  .03   - .41 
** 
  .86 
** 
  1   
            25 
  Illne ss coherence   - .14   .12   .01   .08   - .13   - .20   .13   .07   - .33 
** 
  - .05   .26 
* 
  .10   .07   .25 
* 
  - .06   - .21 
* 
  .20   .02   - .14   - .33 
** 
  - .25 
* 
  - .42 
** 
  .31 
** 
  .28 
** 
  1   
          26 
  Emotional representations   .15   - .13   .27 
** 
  - .22 
* 
  .09   .04   - .03   .01   .25 
* 
  .11   - .30 
** 
  - .12   .01   - .34 
** 
  .12   .26 
* 
  - .18   .03   .38 
** 
  .60 
** 
  .30 
** 
  .76 
** 
  - .34 
** 
  - .33 
** 
  - .47 
** 
  1   
        27 
  Psych o - behavioural causes   .12   .11   .05   .06   .15   - .04   .06   .01   .11   - .11   - .06   .06   - .07   .14   .09   .03   - .04   .05   .01   - .05   .08   .10   .37 
** 
  .38 
** 
  - .04   .08   1   
      28 
  Biological causes   .19   - .04   .15   .11   .02   .14   .15   .08   .11   - .03   - .05   .06   .15   .13   .10   .16   .13   .12   .25 
* 
  .13   .13   .18   - .02   .02   - .04   .12   .44 
** 
  1   
    29 
  Envir onmental causes   .09   - .06   .17   - .06   .09   .06   - .02   .05   .09   .01   .05   - .12   .09   - .05   .21 
* 
  - .08   - .09   - .03   .27 
** 
  .27 
* 
  .06   .30 
** 
  - .09   - .14   - .04   .21 
* 
  .44 
** 
  .38 
** 
  1   
  30 
  Jet  lag m ultidimensional    - .03   - .12   .19   - .04   .10   .02   - .13   - .12   .10   .07   - .16   - .16   .16   - .01   - .01   .07   - .38 
** 
  - .26 
* 
  .36 
** 
  .41 
** 
  .12   .47 
** 
  - .25 
* 
  - .25 
* 
  - .34 
** 
  .27 
* 
  .01   .06   .26 
* 
  1   
  
4
2
2
 
  
 
 
Table 6 
Pearson’s Correlation Matrix Between Process Variables and Fatigue (CFQ, ‘Likert’ Scoring, N = 79) 
 
 
*p <.05 (2-tailed). ** p <. .01 level (2-tailed). 
  
  
1 
  2   3   4   5   6   7   8   9   10   11   12   13   14   15   16   17   18   19   20   21   22   23   24   25   26   27   28   29   30   
1 
  Sleep  s trategies   1   
                                                          2 
  Eating  s trategies   .09   1   
                                                        3 
  Self distraction   .13   .01   1   
                                                      4 
  Active coping   - .07   .17   - .03   1   
                                                    5 
  Denial   .27 
* 
  .11   .14   - .29 
* 
  1   
                                                  6 
  Substance use   .15   - .12   .18   .09   .12   1   
                                                7 
  Emotional support   .08   .13   .00   .20   - .04   - .10   1   
                                              8 
  Instrumental support   .04   .13   .04   .23 
* 
  - .02   - .05   .84 
** 
  1   
                                            9 
  Behavioural disengagement   .22   - .13   .17   - .48 
** 
  .38 
** 
  .15   .21   . 20   1   
                                          10 
  Venting   .25 
* 
  - .12   .12   .02   .10   .22   .30 
** 
  .29 
** 
  .32 
** 
  1   
                                        11 
  Positive reframing   - .12   .12   - .03   .41 
** 
  - .24 
* 
  - .09   .08   .12   - . 33 
** 
  - .11   1   
                                      12 
  Planning   - .12   - .03   - .16   .49 
** 
  - .26 
* 
  - .01   .10   .11   - .43 
** 
  - .01   .29 
** 
  1   
                                    13 
  Humour   .05   - .14   .22   .10   .14   .21   - .17   - .05   - .06   .13   .24 
* 
  .17   1   
                                  14 
  Acceptance   .02   .28 
* 
  .10   .44 
** 
  - .08   - .05   - .02   .00   - .32 
** 
  .06   .41 
** 
  .23 
* 
  .35 
** 
  1   
                                15 
  Religious Coping   .14   .18   .07   .09   .22   .22   .09   .08   .08   - .05   - . 02   - .09   .02   .04   1   
                              16 
  Self - blame   .17   - .22   .13   .02   .17   .32 
** 
  .08   .02   .35 
** 
  .30 
** 
  - .11   .05   .13   - .06   - .02   1   
                            17 
  SSQS   .11   .11   .06   .21   - .01   .03   .10   .18   - .05   - .06   .30 
** 
  .18   .0 5   .15   .18   .01   1   
                          18 
  SSQN   .01   - .01   .07   .26 
* 
  - .21   .16   .16   .10   - .13   - .09   .12   .26 
* 
  .00   - .06   .04   - .03   .31 
** 
  1   
                        19 
  Identity   .19   - .17   .20   - .21   - .03   - .03   .08   - .01   .05   .02   - .36 
** 
  - .28 
* 
  - .16   - .14   .06   .01   - .10   .02   1   
                      20 
  Timeline   .11   - .25 
* 
  .14   - .19   - .08   .12   .02   - .03   .13   .15   - .27 
* 
  - .03   - .01   - .32 
** 
  .02   .19   - .11   .06   .52 
** 
  1   
                    21 
  Time cyclical   .04   - .08   .08   - .11   .13   - .08   .04   - .15   .02   - .10   - .15   .01   - .06   - .20   .03   .17   - .01   .10   .21   .27 
* 
  1   
                  22 
  Consequences   .12   - .03   .27 
* 
  - .09   .02   .13   - .05   - .11   .09   .06   - .37 
** 
  - .08   - .01   - .21   .06   .10   - .17   .07   .55 
** 
  .76 
** 
  .36 
** 
  1   
                23 
  Personal control   .03   .05   - .02   .08   .01   - .05   .06   - .04   - .10   - .16   .12   .05   - .11   .17   .00   - .12   .17   .12   - .16   - .46 
** 
  - .03   - .39 
** 
  1   
              24 
  Treatment control   .01   .08   .02   .04   .00   - .16   .10   - .01   - .03   - .2 2   .11   .02   - .05   .17   - .05   - .07   .06   .06   - .19   - .49 
** 
  .01   - .40 
** 
  .86 
** 
  1   
            25 
  Illness coherence   - .15   .16   .05   .08   - .09   - .20   .13   .05   - .31 
** 
  - .06   .31 
** 
  .14   .10   .29 
** 
  - .02   - .20   .22 
* 
  .04   - .19   - .41 
** 
  - .25 
* 
  - .45 
** 
  .35 
** 
  .34 
** 
  1   
          26 
  Emotional representations   .16   - .15   .29 
* 
  - .18   .04   .03   .01   .03   .22   .07   - .36 
** 
  - .09   .01   - .32 
** 
  .06   .22   - .17   .08   .43 
** 
  .63 
** 
  .31 
** 
  .77 
** 
  - .34 
** 
  - .33 
** 
  - .47 
** 
  1   
        27 
  Psycho - behavioural causes   .15   .21   .09   .00   .17   - .08   .04   - .04   .15   - .15   - .10   .01   - .13   .15   .10   .05   - .04   .08   .01   - .03   .11   .16   .34 
** 
  .38 
** 
  - .06   .15   1   
      28 
  Biological causes   .23 
* 
  .00   .19   .04   .04   .17   .13   .06   .14   .03   - .05   .06   .17   .12   .09   .22   .09   .12   .21   .13   .16   .23 
* 
  - .02   .06   - .09   .22   .41 
** 
  1   
    29 
  Environmental causes   .13   .00   .15   - .18   .12   - .05   - .06   .02   .15   - .01   - .07   - .21   .03   - .06   .15   - .08   - .13   - .11   .20   .28 
* 
  .07   .34 
** 
  - .21   - .17   - .05   .28 
* 
  .43 
** 
  .33 
** 
  1   
  30 
  Fatigue ( CFQ )   .22   .00   .16   - .12   .09   - .05   - .03   - .19   .06   .11   - . 27 
* 
  - .10   - .04   .01   .03   .21   .04   - .02   .38 
** 
  .48 
** 
  .34 
** 
  .51 
** 
  - .22   - .24 
* 
  - .30 
** 
  .35 
** 
  .04   .10   .06   1   
  
4
2
3
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Appendix 24: Diagnostic Plots for Jet Lag Unidimensional (Chapter 5) 
 
Figure 1. Histogram of residuals showing lack of 
normality. 
 
Figure 2. P-P plot of regression standardised residuals.  
 
Figure 3. Scatterplot of standardised residual values 
against the standardised prediced values showing 
heteroscedasticity.  
 
 
Figure 4. Histogram of residuals showing lack of 
normality after log transformation. 
 
 
Figure 5. P-P plot of regression standardised residuals 
after log transformation. 
 
 
Figure 6. Scatterplot of standardised residual values 
against the standardised prediced values showing 
heteroscedasticity after log transformation.  
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Appendix 25: Power Calculations for Mixed ANOVA (Chapter 6) 
 
 
F tests - ANOVA: Repeated measures, between factors 
Analysis: A priori: Compute required sample size  
Input: Effect size f = 0.30 
 α err prob = 0.05 
 Power (1-β err prob) = 0.80 
 Number of groups = 2 
 Number of measurements = 6 
 Corr among rep measures = 0.5 
Output: Noncentrality parameter λ = 8.3314286 
 Critical F = 4.0266314 
 Numerator df = 1.0000000 
 Denominator df = 52.0000000 
 Total sample size = 54 
 Actual power = 0.8086071 
 
 
 
Cohen‟s univariate effect size conventions for “f” 
f = 0.10 (small) 
f = 0.25 (medium) 
f = 0.40 (large) 
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Appendix 27: Study Protocol/Checklist (Chapter 6) 
To be returned in pre-stamped envelope with the Jet Lag Diary Please tick 
when 
COMPLETED 
I have entered the same subject CODE on all sections of the study. 
 
I have set up the app to 3 minutes (18 trials) and have done a practice run 
(+deleted it) before the start of the study. (Please refer to PVT Instruction 
Sheet). 
 
I have a trip with a time change of -/+ 4 h. or more. 
 
 
 
 
 
 
 
 
Study Days: 
 
 
How long? When? 
Please follow the order of 
completion 
 
Day before the 
flight 
 
   
1. Jet Lag Diary   5/10 minutes AM   
2. Jet Lag Diary   5/10 minutes PM (after the last meal of the day)  
3. PVT app           3 minutes After the Jet lag Diary PM  
4. Online Survey  30/45 minutes Strictly after the PVT app  
Day Off 1 
 
   
1. Jet Lag Diary   5/10 minutes AM   
2. Jet Lag Diary   5/10 minutes PM (after the last meal of the day)  
3. PVT app           3 minutes After the Jet lag Diary PM  
    
Day Off 2 
 
   
1. Jet Lag Diary   5/10 minutes AM   
2. Jet Lag Diary   5/10 minutes PM (after the last meal of the day)  
3. PVT app           3 minutes After the Jet lag Diary PM  
 
I have returned my PVT results with my subject CODE  
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 Please answer EACH QUESTION of the survey (online and on paper). The online 
survey will highlight missing answers. 
 All questionnaires are completed in your time off  
 Please have your pen or printer ready when completing the Online Survey as you 
MAY be asked to copy some of the information you have entered (for your 
records). 
Thank you! 
This table summarizes the number of questionnaires to be completed and the days of completion: 
 
Example Day before flight     Day OFF 1 Day OFF 2 
Jet lag 
Diary
1
 
       
PVT app       
Online 
survey 
      
 
1 In the Jet lag Questionnaire most questions need to be answered after the last meal of the 
day except for the questions on sleep     
   (2): 
When to complete  30 minutes 
after rising 
After the last 
meal of the day 
Question no    
1 Jet lag   
2 Sleep   
3 Fatigue   
4 Meals   
5 Mood   
6 Bowel  activity   
7 Sleepiness   
 
 
 
 
 
 
 
 
 
 
 
In
 th
is o
r
d
e
r
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Appendix 28: Jet Lag Questionnaire (Chapter 6) 
JET LAG DIARY 2013/14 
 
 SUBJECT CODE _ _ _ _ _ _ (birth date in 6 digits) 
   
Instructions: 
 
We are interested in your assessment of jet lag overall and jet lag symptoms at specific points 
during this study (Day before the flight, your first day off and second day off after your trip) 
and at 2 points* during the day. Please note, the diary will be completed in your own time.  
Finally, for each question please circle one number of the scale (1 = not at all to 5 = very 
much) which you think most closely applies to you and do not look back at your 
answers. For some sleep questions you are asked to give a time (e.g. bed/get up time). 
 
Please answer questions about your previous night‟s sleep approximately 30 minutes after 
rising and questions about jet lag, fatigue, mood, attitudes to meal, bowel frequency and 
sleepiness after the last meal: 
When to complete  30 m. after 
rising 
After the last meal 
of the day 
Question no    
1 Jet lag   
2 Sleep*   
3 Fatigue   
4 Meals   
5 Mood   
6 Bowel  activity   
7 Sleepiness   
 
Definitions: 
Jet Lag: When the body clock (e.g. sleep/wake; feeding/fasting) is out of sync with the 
light/dark cycle in a new environment as a result of flying across multiple time zones. 
As the body may not adjust quickly to this rapid change, some symptoms may be 
experienced.  
 
Fatigue: Described as deterioration of performance, lack of energy or immune 
activation (e.g. adaptive response to infections). It is the signal from the body that you 
should stop what you are doing (physical, mental activity or being awake). 
 
Sleepiness: The drive for sleep. It is a physiological need like hunger and thirst. It may 
be affected by several factors including increasing time since sleep, disturbed sleep or jet 
lag. 
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To be completed: DAY BEFORE FLIGHT 
 
  
Please complete the following questions about 30 minutes after getting up 
 
2. LAST NIGHT'S SLEEP. 
 
a. How long in minutes did it take you to fall asleep? Please give time in minutes_____________ 
 
 
b. How easily did you get to sleep? 
               
Not at all      Very easily 
 1 2 3 4 5  
       
 
 
c.  What time did you get to bed?     Please give time_____________ 
 
 
d. How well did you sleep? 
              
Not at all      Very well 
 1 2 3 4 5  
 
     
 
 
 
 
e.How  many hours of actual sleep did you get last night? (this may be different  than the number of hours 
you spent 
     in bed)    Hours of sleep_____________________ 
 
 
f. Did you have any waking episodes? 
 
Not at all      Very much 
 1 2 3 4 5  
 
     
 
 
 
g. What was your get up time?    Please give time  ______________       
 
 
h. How alert did you feel 30 min after rising?  
 
Not at all      Very alert 
 1 2 3 4 5  
 
     
 
 
 
 
 
_______       _______________     ____________     
________________________________ 
Day                         Month                    Year                                        Day of the week 
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Please complete the following questions after the last meal of the day and then complete the 
PVT on the app Sleep2Peak 
 
1. JET-LAG: 
How much jet-lag did you have  today? 
 
Not at all      Very much 
 1 2 3 4 5  
 
     
 
 
 
3. FATIGUE: 
In general, how fatigued are you? 
Not at all      Very much 
 1 2 3 4 5  
 
     
 
 
 
 
4. MEALS. 
 
a. How hungry did you feel before your meals? 
 
Not at all      Very much 
 1 2 3 4 5  
 
     
 
 
 
b. How palatable (appetising) were your meals?  
 
Not at all      Very much 
 1 2 3 4 5  
 
     
 
 
 
c. After your meal, how did you feel?  
 
Not at all      Very much 
 1 2 3 4 5  
 
     
 
 
 
5. MENTAL PERFORMANCE AND MOOD. 
 
a. How well have you been able to concentrate today? 
 
Not at all      Very much 
 1 2 3 4 5  
 
     
 
 
b. How motivated did you feel today?  
 
Not at all      Very much 
 1 2 3 4 5  
 
     
 
 
c. How irritable did you feel today? 
 
Not at all      Very much 
 1 2 3 4 5  
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6. BOWEL ACTIVITY TODAY. 
 
a. How frequent were bowel motions?  
 
Not at all      Very much 
 1 2 3 4 5  
 
     
 
 
 
b. Was the consistency normal? 
 
Not at all      Very much 
 1 2 3 4 5  
 
     
 
 
 
7. SLEEPINESS.  
How sleepy are you right now? 
 
Not at all      Very much 
 1 2 3 4 5  
 
     
 
 
 
 
To be completed: DAY OFF 1 
 
Same as DAY BEFORE FLIGHT 
 
To be completed: DAY OFF 2 
 
Same as DAY BEFORE FLIGHT 
 
 
 
 
 
Please circle the appropriate answer: 
 
About your onboard rest:  1- First Break                 or              2- Second Break  
 
About the PVT:                 1- I used an iPhone       or             2 - I used an iPad 
 
Any incidents onboard on outbound or inbound sectors: 
_____________________________________________________________________________________ 
_____________________________________________________________________________________ 
Thank you for taking part!            
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Appendix 29: PVT Instruction Sheet 
 
 
 
CONTENTS 
 
 
 
 
 
 
 
 
INTRODUCTION 
 
1 
WHEN DO I NEED TO DO THE TASK? 2 
SETTING UP YOUR APP 2 
SETTINGS (Task duration) 2 
HOW TO USE THE APP ON STUDY DAYS 3 
PRACTICE RUN 4 
HOW TO DELETE „NON STUDY DATA‟ 5 
EMAILING YOUR DATA 5 
INFORMATION ABOUT THE SUGGESTED TECHNIQUE 
 
7 
TROUBLESHOOTING (IPad users) 
 
8 
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INTRODUCTION 
 
The Sleep2Peak app is a tool that allows you to monitor your sleep habits and to do a Psychomotor Vigilance 
Task (PVT) which assesses your attention and alertness in term of reaction times and accuracy of the task. The 
task will last 3 minutes. 
 
WHEN DO I NEED TO DO THE TASK? 
Please refer to the Protocol/Checklist provided. 
 
SETTING UP YOUR APP 
After you have downloaded the app, please open it. You will be asked to enter your date of birth, gender, 
country of residence. When asked about accepting to „have your data entered in a global database‟, please enter 
„disagree‟, if you wish. This will not compromise the data set.  
 
SETTINGS (Task duration) 
Please tap on ‘More’ (footer) to access the Settings‟ page. At the top, please select „18 Trials’ (Figure 1). This 
means that the task will last 3 minutes (a 6 trial PVT equals to 1 minute). Please make sure this setting is on 
every time you carry out the task. 
 
Figure 1 
 
HOW TO USE THE APP ON STUDY DAYS 
 
1. As you open the app, you will see the home page with different fields/icons:    
 
Figure 2 
 
2. Tap onto the different icons/fields in order to: 
Bed time/out of bed time enter the times 
Not/Tired: enter yes/no to indicate whether you are tired or not 
Un/naturally: enter yes/no to indicate whether you woke up naturally or not 
Field 
Icon 
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3. Once you have entered the above information you are ready to do the task. The task requires you to 
tap on the image of the sun as soon as it appears on the screen (please read the information about 
the suggested technique below).  
 
4. Tap on ‘Do Test’ (Figure 3) and a new page will appear with ‘start test’ (Figure 4).  
 
5. At the end of the task, please press ‘Yes, accept’ when asked whether the responses are yours (Figure 
5). Please email your results to yourself at the end of each task (section: emailing your data).  This 
way you can verify that the results are properly recorded and ensure they are backed up should 
technology fail!!(You can repeat the test during the same evening if the results have not recorded as 
this type of test is not influenced by practice effects but it is affected by time of day so that if you 
repeat it in the morning or afternoon the results may be very different) 
 
Figure 3 
 
 
Figure 4 
 
 
Figure 5 
 
 
PRACTICE RUN 
Please do a practice run to make sure the app works well. If you have any questions please do not hesitate to 
contact me. Please also delete the practice run/s as I may not be able to  differentiate between practice data 
and the Study data. 
 
 
HOW TO DELETE ‘NON STUDY DATA’ 
1. Tap on ‘Diary’ (footer), a page will open with your test data; 
2. To delete a single test, swipe the cell from left to right and press ‘delete’ (Figure 6). 
 
enter yes/no to indicate whether you are under the influence of a 
stimulant besides caffeine 
 
enter yes/no to indicate whether you are under the influence of a 
sleep aid 
 
enter yes/no to indicate whether you are under the influence of 
caffeine 
 
enter yes/no to indicate whether you are under the influence of 
alcohol 
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Figure 6 
 
EMAILING YOUR DATA (from a different email address to protect anonymity) 
 
At the end of the study (e.g. last day off – after your last PVT), please email the study data to me. Before this, 
please email your results to your email address at the end of each task. Please note, you should have diary 
entries (before the flight, days off 1 and 2).  
 
To send the data file for the entire study length or after each task: 
1. Tap onto ‘More’ (footer); 
2. Under application info, select ‘Export data’ (Figure 7). A new email, with the attached data set, will 
automatically appear (Figure 8). Each time you send the data to yourself you will have saved data set 
up to that day. Please open the file to ensure the latest results are on the spreadsheet; 
3. Please enter : c.ruscitto@surrey.a.c.uk  in the address box (Figure 8) at the end of the study or your 
own email address after each task; 
4.  Please add your Subject Code (e.g. birth date in 6 digits) in the „Subject Box‟ so that I can link your 
PVT results to you Let Lag Diary and Online Survey’s results (Figure 9).  
 
 
Figure 7 
 
Figure 8 
 
Figure 9 
 
After you have sent the data set, you may be interested in continuing to use the app as a tool allow you to 
discover what sleep schedule and what periods of the day are associated to your peak mental and physical 
state (Figure 10). For more information, please visit www.proactifelife.org 
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Figure 10 
INFORMATION ABOUT THE SUGGESTED TECHNIQUE: 
* If you are using an iPad,  please do not enlarge the picture. It should be kept at 1x  
 * Seated with straight back.  
 * Both feet on the floor.  
 * Arms and back not touching anything.  
* Hold the Smartphone  vertically in non- dominant hand, at abdomen level.  
* Bring your index finger of your dominant hand at 1 cm from the screen.  This is the best distance to give fast 
responses and also limit the risk of involuntarily touching the screen during the test.  Always respect that 1 cm.  
 * As you tap, exhale forcefully. Then breathe in slowly saying in your mind “EEEE” while waiting for the sun 
to appear. This will to some extent limit intruding thoughts.   
 Environment  and  time periods for testing:  
 * Always indoors with some light.  
 * Never in a car, even if car stopped, even as a passenger.  
 * Isolated in a very quiet place. Absolutely no voices  or irregular sounds. Use earplugs or earmuffs if needed.  
 * Nothing should be moving in your eyesight.  
* Do the task after your last meal of the day and after you have completed the Jet Lag Diary.  Please note 
the time of the task is recorded on the spreadsheet.  
 
iPad users Sleep2peak app IOS 6 
 
Please email your results to yourself at the end of each task (see section: emailing your data on the instruction 
sheet).  This way you can verify that the results are properly recorded and  ensure they are backed up should 
technology fail again!!Each time you send the data to yourself you will have saved data set up to that day. 
Please open the file to ensure the latest results are on the spreadsheet. 
 
In order to use the app on the iPad please ensure: 
1. The app screen is minimised (Figure 10); 
2. You hold the iPad in portrait view (Figure 10); 
3. You  lock the screen in portrait view (see Page 2). 
 
To minimise the app screen: 
As you are holding the iPad in portrait view, please press the icon            on the top right hand side of the screen. 
This should minimise the screen (2x should appear in the corner). The app will not work if you enlarge the 
image (Figure 11).  
 
1x 
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Figure 10 
 
 
 
 
Figure 11 
 
                                                                                                                                                                                                     
 
 
Frozen screen or not centred 
If the screen freezes on 1x or doesn‟t look centred (Figure 12), the app will not work. Please, power off the iPad 
and power it on again 2/3 times until the app is reset. Do this while you‟re holding the iPad in portrait view so 
that the display orients vertically rather than in landscape view. As the app was designed for iPhones, the 
rotating mechanism seems to interfere with the app at times.  
 
To avoid the above problem for the duration of the study, you could lock the screen vertically: 
 
Step 1 Hold your iPad in portrait view so that the display orients vertically; 
Step 2 Double tap the „HOME‟ key  at the bottom of the display. A menu opens at the  
            Bottom; 
Step 3 Scroll left on the menu by flicking your finger left to right. A grey screen lock icon appears donning an       
            arrow shaped like a circle; 
 
           
Step 4 Tap the grey circle-shaped arrow icon. The screen locks vertically. 
 
 
 
Figure 12
2x 
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Appendix 31: Reliability of Questionnaires (Chapter 6) 
 
Table 1  
Reliability of Questionnaires Used 
 
Questionnaire Number of Items a
ME 14 .86
Social support (SSQ) 6 .79
Illness reperesentations (IPQ-R) 38 .77
  Emotional representations 6 .89
  Illness coherence 5 .89
  Consequences 6 .87
  Personal control 6 .86
  Treatment control 5 .86
  Timeline 6 .85
  Timeline cyclical 5 .85
Causal Attributions (IPQ-R)
  Psycho-behavioural causes 8 .84
  Environmental causes 4 .60
  Biological causes 4 .18
BriefCOPE 28 .74
  Substance use 2 .92
  Use of instrumental support 2 .88
  Self-blame 2 .85
  Positive reframing 2 .82
  Humour  2 .82
  Use of emotional support 2 .81
  Behavioural disengagement 2 .76
  Planning 2 .75
  Religion 2 .71
  Denial 2 .68
  Acceptance 2 .60
  Venting 2 .57
  Self-distraction 2 .53
  Active coping 2 .31
Work preparation strategies
  Eating preparation strategies 5 .45
  Sleep preparation strategies 9 .40
Jet Lag multidimensional
Jet Lag questionnaire 14 T1 14 .81
Jet Lag questionnaire 14 T2 14 .80
Jet Lag questionnaire 14 T3 14 .76
Jet lag subscales
Sleep Performance T1 3 .56
Sleep Performance T2 3 .70
Sleep Performance T3 3 .73
Atttitudes to main meals T1 3 .59
Atttitudes to main meals T2 3 .39
Atttitudes to main meals T3 3 .36
Mood/Cognitive performance T1 3 .72
Mood/Cognitive performance T2 3 .75
Mood/Cognitive performance T3 3 .73
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Appendix 32: Descriptive Statistics for Work Preparation Strategies (Individual Items) 
(Chapter 6) 
Table 1 
Descriptive Statistics for Work Preparation Strategies (N = 61) 
 
 
 
 
 
 
 
 
 
 
 
No
Some-
what
Yes No
Some-
what
Yes
M,              
SD
No
Some-
what
Yes
M,              
SD
t (df = 59)
Sleep strategies n = 18 10 33 9 5 16 3.43 9 5 17 3.39 0.35
Before a flight I... % = 29.5 16.4 54.1 30 16.7 53.3 0.45 29.1 16.1 54.8 0.51
  avoid using sleeping pills n = 3 4 54 0 2 28 4.70 3 2 26 4.35
% = 4.9 6.6 88.5 0 6.7 93.3 0.60 9.7 6.5 83.9 1.17
  nap before an outbound night-flight n = 1 7 53 0 5 25 4.50 1 2 28 4.48
% = 1.6 11.5 86.9 0 16.7 83.3 0.78 3.2 6.5 90.3 0.77
  avoid using alcohol as a sleeping aid n = 4 10 47 2 5 23 4.27 2 5 24 4.32
% = 6.6 16.4 77.0 6.7 16.7 76.6 0.98 6.5 16.1 77.4 0.98
  ensure bedroom is quiet n = 8 4 49 4 2 24 4.10 4 2 25 4.06
% = 13.1 6.6 80.3 13.3 6.7 80 1.21 12.9 6.5 80.6 1.81
  stay on home time during a layover n = 9 17 35 7 6 17 3.50 2 11 18 3.71
(≤ 48 h.) & time change of ≤+/-3 h. % = 14.8 27.9 57.4 23.3 20 56.7 1.14 6.5 35.5 58.1 0.86
  ensure bedroom is cool n = 28 9 24 14 4 12 2.97 14 5 12 2.74
% = 45.9 14.8 39.3 46.7 13.3 40 1.35 45.2 16.1 38.7 1.61
nap before a homeward night-flight n = 34 18 9 14 11 5 2.47 20 7 4 2.19
% = 55.7 29.5 14.8 46.7 36.6 16.7 1.14 64.5 22.6 12.9 1.11
  stay on home time during a layover n = 32 10 19 17 4 9 2.37 15 6 10 2.45
(≥ 48 h.) & time change of ≥+/- 4 h. % = 52.5 16.4 31.1 56.7 13.3 30.0 1.35 48.4 19.4 32.3 1.46
  ensure your bedroom is dark n = 41 9 11 22 4 4 2.00 19 5 7 2.16
% = 67.2 14.8 18.0 73.3 13.3 13.3 1.15 61.3 16.1 22.6 1.39
Eating strategies n = 27 11 23 12 6 12 2.99 15 5 11 2.71
Before  a flight I... % = 44.3 18.0 37.7 40 20 40 0.69 48.3 16.2 35.5 0.66 1.61
   avoid caffeine within 4 hours before n = 13 11 37 6 8 16 3.60 7 3 21 3.74
bed % = 21.3 18.0 60.7 20 26.7 53.3 1.35 22.6 9.7 67.7 1.5
  avoid eating less than 1 hour before n = 18 12 31 6 5 19 3.57 12 7 12 2.94
going to bed % = 29.5 19.7 50.8 20 16.7 63.3 1.25 38.7 22.6 38.7 1.34
  have 3 balanced meals a day n = 16 19 26 8 9 13 3.30 8 10 13 3.26
% = 26.2 31.1 42.6 26.7 30 43.3 1.12 25.8 32.3 41.9 1.15
  eat at regular meal times (home time) n = 30 9 22 13 4 13 3.00 17 5 9 2.48
% = 49.2 14.8 36.1 43.3 13.3 43.3 1.23 54.8 16.1 29.0 1.41
  interrupt sleep to eat at regular meal n = 56 3 2 26 3 1 1.47 30 0 1 1.13
 times (home time) % = 91.8 4.9 3.3 86.7 10 3.3 1.82 96.8 0 3.2 0.56
All N = 61 Control group n = 30 Intervention group n = 31
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Appendix 33: Diagnostic Plots for Jet Lag Unidimensional (Chapter 6) 
 
Figure 1. Histogram of residuals showing lack of 
normality. 
 
 
Figure 2. P-P plot of regression standardised residuals 
 
Figure 3. Scatterplot of standardised residual values 
against the standardised prediced values showing 
heteroscedasticity.  
 
 
Figure 4. Histogram of residuals. 
 
 
Figure 5. P-P plot of regression standardised 
residuals.  
 
Figure 6. Scatterplot of standardised residual values 
against the standardised prediced values showing 
heteroscedasticity.  
 
